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nVl'KODUOTION. 

Tliis papcd‘, enil)0(.lyini:»* results of work (lurin<>’ i,hr(‘(‘ \vtH‘ks speiil in 
geologic reeoiiunissanee in the Hatanes Islands, is inicnuliHl (o be {h‘(‘“ 
liininary to an article whi<*h will deal more* rully vvilli lii(‘ gc'olegy an<l 
petrography of this group; hence the problems of struchira! gtHjlogy will 
be in the main reserved for tlie later discussion ami I shall Ikmn^ eonlim^ 
myself priiicipalh'' to the physiography. 

Before proceeding to a description of thivS group. 1 wish, In a(*knowh‘dg(^ 
my indebtedness to Major-(Jeneral Leonard Wood, ('omniariding genernh 
Philippines Division, to Coinuussionei* Dc^an (h Worcester^ t(y Mr. William 
Edmonds, supervising teacher of the .Batancs islands, for his unfailifig 
hospitality and for much hel})fnl information, and io the iiaiivt* leathers 
and boys of his schook, particularly Mr. Jose Agmulo, for lludr fretdy 
rendered services as guides during rny stay in the islands. 

LOCATION, 

The Bataiies Islands form the niost nortiu'rn fxudioii of Philippine 
territory and consist of the Islands of Y’Anii, Maysarigaf*^ Mabudis, 
Siajan, Isbayat, Ine,tn,, .Bataiy, Sabtan, ll)ujos and Dt^stpuw, of whit'fi 
Isba,yat, Batatu Babtan and Ihnjos a,i'e inhahik^d, Ihey Iit‘ hetwi'en laii' 
tilde ^0® Ih' and JD/-" 05' north 15' iu)rth, if the ‘‘mis/.ruf'c dtmhift^r 
Bashi rocks are included), or approximately the latiiiidt' of the soulluMH 
half of the Hawaiian . I si ands, and.imtween longitude dlh ami Pi*i“ 
02' east. Y'Ami, the most northern island, v is about 270 kih)nmtm’s from 
Cape Engaho, the nearcvst point of Luzon, 107 kilometcu^s from, t1it» Jji- 
panese island of Little Botel Tobago and 100 kilometers from the smitluuii 
point of Formosa. It is said that on a very clear day the Formosan motiU" 

; iainsnan be seen irom, the siin,nnit of Mount Iraya In Bataii' Island, Tin* 
Basil! Channel with a ndiiimiini depth of ,1,000 fathoms sepamtcs tlui 
islands from Formosa and the Botel Tobagos, to tlie north, while on tlie 

^ Where, the local name differs from .thatfgiveff ' A,Inited, States Coast 

and Geodetic Survey chart X have followed '■ the hml mm. "This' chart, hmml 
on a British survey made in 184^, is badly confused as to local PamaB, and /ft 
unreliable in regard to details of topography, On the maps ropro(lu<H‘d in tliL 
^ , ;^per are eorrecto to conform to local usage. 
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soiilh BaJiugtang Cliamiel (dupili ol' 1)5 rjithouis without bottom) lies 
l)etAycon tiiem and tlie Balmyanes. Tlie Balijigtaiig Islands, lone rocks 
rising pej’])(‘iidicuiarly from the sea, lie in tlie center of the Balingtang 
(diaiimd and rorni a connecting link between the Batanes and the Babii- 
yaiK's groups. 

i‘EOeLE. 

hdie BataiU's ])eoph‘ form a separate race, speaking llieir own language, 
or languages, for that of Isbayat is different from the language of the 
otluu* islands. Professor Bchecrer '* considers the inhabitants of Bataii 
and Sabtan to he of Malay stock, wliile those of Isbayat are mixed Ma- 
layan and Pa])uan. '’Phey are kindly, intelligent, enterprising and ex- 
tremely industrious, h'hroiighout the Babuyanes and northern Luzon the 
Batanes pcM)])l(^ have the rejintation for being excellent workers. The 
two })rincipal islands, Batan and Sabtan, are overpopulated and the 
arable hind is largely tak(T u[), hence there has been considerable emigra- 
tion and 0IU3 finds p(‘oplo from the Batanes scattered throughout the 
Babuyanes Islands and Luzon. 

In the days before the Spanish occupation, the constant warfare be- 
tween th(‘ villages made purjioses of defense the fivvst requisite in tlie choice 
of a village site, hence tlie inhabitants lived on the hilltops, going down 
to work in the fiedds by day, after the manner of the Pueblo Indians of 
America. 'Pluj ruins of these old towns are to be seen on the hills above 
San "Vicente (Batan) and Itbod. Itbod was extremely elaborate, being 
built more in the form of a single fort than a village. Eeniains of a 
large cistern and of storehouses show that the inhabitants were prepared 
to resist a siege, and ruins of small buildings, apparently watch-towers 
overlooking the eidtivatecl jiatchcs, show the precautions wdiicli were taken 
against surprise. It was here that! the natives made their only stand 
against the Spaniards, being overcome by cannon planted on a neigli- 
boring liill. 

Wifli the t^oming of the Spaniards tlie hill towns were destroyed and 
ilio poopl.o forced to move into seacoast villages, the sites of wdiieli were 
as a rule dependent uiion. the jiresenco of ga])s in the coral reefs. 

FH STORY. 

fPhe grou]) was discovered by William Dampier in 1()<S7 and named by 
him the Bashi Islands, after an intoxicating drink brewed from vSiigar 
eane (now however termed paKc by the islanders) . Later in the same 
year three Dominican missionaries visited the Batanes, Imt after the 
death of two of them, the .survivor returned to Luzon. In 1724 four 
Dominicans arrived and stayed for a short time, but it was not until 
1791 that the Spanish regime was fully estaldished. From September, 

Otto : ' der Ihutm.h G'esellmhp. f- Natur und Tolkerkunde 
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FJilllOUBON. 


1897, to ileceriiheiN tlio islands \V(‘re midc'r lli(‘ ('onli'ol of iln‘ 

[ 11 tiion ary g’ovejiiTnen t/' 

The present inune 1ias hoen used nn Spanish niaps sine(‘ IJie 

Spaiiisli oecaipatioii, hid. niil il a few years a, go lln^ original na.itut of ilasid 
Islands was used on Auundean ina.])S, as it is on ilu' Itjiiglish and IJennan 
of to-day. Professor Sidieinan*^' eonsiders two groups; die dashi (iroiip 
which consisis of Ishaya,!; and Uie small northern islands, ami Ihe Paianes 
wddeh are composed of P>ata.n, Saladin, Hmjos, and Di'sipiey. Prof(\ssor 
IvC)t<5, ill his a.rti(d(\s on tlie Malayan .Ardrijadago and (In' d{‘])endeni, isles 
of Taiwan, makes the same division/’ 


C'LlMATiO.'^ 


'Rainfall . — Tlio records of tlie Weather Bureau covmdng Sanio Itaningo 
de Basco for the years 1903-1906 are given in dhible 1. dTi'se show a 
veiy heavy animal rainfall, the tontli heaviest roi^ordcd ami no very 
marked rainy season sneli as is found on tlie waist (^oast of Luzon, wliere 
the records of Vigan (lloeos Birr) sliow that 92.9 per camt of an average 
animal rainfall of 2,134.1 inillimetors occurs during die rainy season 
from Jnne to Octolicr. The seasons in. the 'Batanes may liesi; be. didined 
as a short, dry season from PehriuiTv to May and a long, rainy oih‘. 
Extreme (lifferences of monthly j‘ai:nfall vsach as diose between, May, 190h 
and 1906, are due to typhoons. In May, DOB, two typhoons ]>avssed near 
the islands causing a precipitation of 153.8 nnllirneters on the ,18tli and 
19th of the month and 390.8 on the .28th, 29tb, and 30ih, 

Table vamfall at Santo Domhigo de Banco foe ihe yean iuoy (o /uad, 

mcl'i(,nivc. 




MilUiileiers of niinbill Sir 


Month. 





. , 




Mm, 

1904. 

1005, 

lUOO, 

Men 11. 

Jannarj' 

270. t 

300. 8 



150.2 

827. 0 

108. 7 

Fi'hruiiry 

27.2 

00.7 

85. .5 

12.5 

4H.U 

M’arclw 

m.K 

20.0 

tW.H 

no, 9 

80. 0 

' April 

. l-U.O 

10.2 

HO. 0 

207. 5 

111.0 

May — 

201.x 

110.3 

21 . 0 

(577, 0 

252. 4 



loao 

202. 7 

151.0 

00. 1 

106.H 

July 

840.7 

400.5 

207. 0 

202. 0 

HIM. 2 

' August : 1 

010.7 1 

377,0 

' 207.6 

127. 4 

405,7 

September.... ; ■ 

,180.9 ! 

168.6 

, 180. 1 ■ 

424. 1 

241.4 

' , 'October : 

■„ ,784.1! 

151.3 

870.8 : 

'' 618.6 

4158, 7 

November 

ms ! 

121.2 

12a 0 

, .190.8 

180, 4 

Deeember 

844.3 

303.5 

227,0 

361.9 

5124.3 

^ '■ ■'/'/ .,'To'tal : 

3,682.3,' 

1 

2,364.8 

2,034.2 

3,359.4 

2, mi ' 


I l^istorical note contributed byy.'WiPiam’’ ld,iiionds to Philippine History, 

' ** %f00, mt , ' , . , ' '■ ' ■ k , '' , ' ' ’ ; 

•K&t6, E.: Jmir. mil. m. .Tol^ .(ISO&hiHi IliJlg: ana (1900), 13, I, 46 
Statistics from Mojjthty Bulletins of the Weather Bureau for 1004 1005 
Saderra, S; J.: The Ba,infa]l in tlie Pliilipnines. Manila 



VllYmmiAVllY 0¥ THE PIHLIPWNE ISLANDvS : IL 


Tjipfioons. — -^Vhe. islands lie in tlie track ol: mniiGrous typlioons wliieli 
ofion (*on]])letoly destroy the crops and reduce the inhabitants to the 
verg'c ol' starvaiion. The houses are all bnilt of stone for pj'oteetioii 
against these winds and at the times of typhoons, Jiets are sLj’etclied across 
the roofs and anchoind to the ground, dVjdioous of the firsk tiiird, and 
11 fill groups, amount ing to (id ]m‘ eent of the total luimhcM*, affect the 
Ihitaiies islands.''^ 

Tenipe-ratiirc. — ^Tahle IL gives the mean monthly temperatures for 
Santo Domingo de Ihtsc'O compared with that of Manila for the years 
190 } and 1906. It will he seen wliile there is very little difference in 
the mean temperature, the lamge is much greater in tiie Batanes than in 
Manila^ being over foj* the former and less than 4'^ for the latter. 

Tabue ir . — Mean aamilihj iemperatun'H hi Sail fa Daiiiiinja de mid in Manila foe 

the i/eaei^ 1004 ami lOOd. 


Moiilh. 

Santo iJo- 
niingo de 
Baseo. 

n. 

Manila, 

19 

Santo Do- 
mingo de 
Basco, 

10. 

Manila. 

January 

21.4 

25.1 

22.7 

25.1 

February 

21.5 

25.4 

24. 0 

26. 1 

March - 

23. « 

20.2 

23. 8 

26. 8 

April 

2H. 0 

26.9 

26,5 

29,2 

May 

27.3 

27.8 

27,8 

28. 7 

June 

27.3 

27.2 

28.4 

28.0 

July 

27.0 

26,7 

28. 7 

27. 8 

August 

27.7 

26.8 

28.8 

27.3 

September 

27.2 

26.2 

28.0 

26.7 

October 

26. -1 

26. 3 

25, 9 

26.4 

November 

24.0 

25.0 

: 24.5 ^ 

25.8 

December 

21, 8 

23, 9 

j 23 

25. <» 

Mean 

25.1 

26.1 

! 26 

1 

26, 9 


OE(Kan\3>nTCAL DGSCKIPTrON. 

The geologic si.ruetiire upon which the topography of the islands is 
largely dependent naturally brings the Batanes into three groups: 

1. The islands cionsisting in greater part of the older rockS; volcanic 
agglomerate with basic dikes. To this group belong the Island of Sahtan 
and southern part of Batan. 

2. The younger volcanic group^ consisting of Mount Iraya in Batau^ 
the Island of Inem and the small islands to the north of Isbayat^, locally 
known as the S,iayanes. ^ 

3. The coral limestone group, Besquey, ; Tbiijos and most probably 

Isbayat, , , ' ; ^ 

®,Algue,^ Rev. Jdse,, J, S*;„ The 'Cyclones, of, th'e^ Far East, Manila ; { 1904),, ^^47. 
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railGTISON. 


SABTAN. 

Tlie Maud of Sahtaii ivS the v^ouiluM’iunost of the Bafaiies (iroup. It 
is about 10 kilometers long by 4 broad and eoni.a,iiis five vi!bi<»*es, San 
Yieente, Santo Tomas and Santa Kosa on tlio east (^oasl, Santa Ines and 
San Luis on the western si<le. From Point Natao southward on ihi‘ 
east coast to within half a mile of Santa Itosa, then' is no marked rdiid’ 
along the shore, vvdth the (uveeption of some high bluffs of voh'unit' agglom- 
erate just sontli of San Vicente. Coral reefs extern!* ovcu’ a. hu*gt^ part 
of the coast, although their devdojunent here is not as (‘xhuisive as on 
the west coast. South of Santo d\>inas there is a long, flat sti*et(di i\ear 
the shoi'e and. liere sand dunes reaching to a height oi about 100 .feet luiV(‘ 
dammed back the waters from the interior, forming a line of small ponds. 

The land from the eastern shore rises toward the (;entet‘ of the ishind 
in a rather irregular series of marine 'terrac^es. 1d)e materials .forming 
these terraces are stratified pebbles and sand, for the most ])art (‘idirely 
unconsolidated, togeiher with limestone, the latter l)oth iimesLone (nn- 
glomerate and coral limestone. Tliese terraces when viewed from the 
neighboring island, Batan, seem to be beanti fully regular, but on closer 
examination they are seen to be abvsolntely without coutinuity, probaldy 
due to the fact that where the protecting capping of limestone is al:)seiiii, 
the terrace of pebbles and sand is soon worn away, ddie highc?,st ledge 
of limestone occurs at an elevation of about 180 meters. It is a quarter 
of a mile inland and contains poorly preserved OrbiioideH, ]h.\yoiid il.\e 
last terrace, the cQuntry is very deeply dissected and consists of in‘egular, 
sharp ridges of volcanic agglomerate, generally irnicli chjcoinposocL 

A belt of rolling upland l)etween a half mile and a mile wide extends 
diagonally across the island from Santa Rosa to Santa lues. This has 
an average elevation of about 300 meters ; it is boiinded on the east by a 
sharp and very irregular escarpment of v’olcanic agglomerate. valleys 
in this iiplapd are Inroad and the small vstreams seem io a,t gradey, (hr* 
topography being best described as ^'gently .roliing,'’ in marktHl (‘ontrusi, 
to the sharp feature of the irregular }‘idges below, in general ii. is a. 
region of physiographic age/*” This upland rises gradually to tlu 3 
westward, the pass a half mile northeast of San Luis baying an elevation 
of 400 meters, and it ends in a sharp line of cliffs broken only by occasional 
steep canyons. These eliflfs extend along the whole west coast of the 
isMd/ being lower (200 meters) towards Natao Point The material 
ps.almbst Antirely .volcanic agglomerate, with occasional beds of -stratified 
sandstone and conglomerate which consist entirely of volcanic material 
This rock where it occurs is much fartlted^ the faults being of small throw, 
generally less than 10 feet, and also sonxewhat distorted, slrowing small 
' dips to the west and noithwesi Of course, the folding and faulting are 
not confined, to those parts of the agglomerate formation in which the 
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sandstone occurs, but it is only wliere there are bedded deposits that 
distortion is readily distinguishable. 

Between Santa Ines and San Luis at an elevation of about 7 nietei'S, 
there is a raised beaeii consisting ot pebbles and a limestone conglomerate 
which also contains many volcanic ])ebbles. This beach is ot so recent a 
date that the streams from the plateau have not yet had time to cut 
channels through it. From Natao Point, southward to 'Tangel Pointy 
there extends an unbroken ('oral reef of considera})le width. At the 
baj just iiortli ot Tangel is a fiat, triangular stretch of tnai'shy land 
formed i)y tJie ponding l)ack of a small stream by the beach. Here there 
was a village until recent years, but because of its imbealtby situation 
it was abandoiUM] and the land given over to enltivation, being almost 
the only piece of tultivated lajid on the west coast of Sabtan. 

The southern portion of Sabtan is extremely rugged. It consists of 
sliarp, irregular ridges of agglomerate ending in steep edifts. The western 
])art is impassible by land and at the time of my visit the sea was too rough 
to attempt the trip by ])oat. On the east coast 1 was able to travel as far 
soiitli as Point Ajao. Here^ steep cliffs of agglomerate^, often cut by 
large dikes of hornblende and augite porpliyry (f. n.) jut into the 
sea. Ho raised beaches or limestone were seeip but for about 8 meters 
above sea level the rocks were pitted as if by the borings of marine 
animals. The ridges of agglomerate seem to run in a general south” 
easterly direction, meeting the shore e?i echelon and forming a series of 
small points. The principal ridge, Ceskid Mountain, ending in Ajao 
Point, shows a remarkaldy serrate skyline. 



BATAN. 

Batan Island is about 20 kilometers long, lies in a northeasterly south- 
westerly direction and varies from less tlian 2 kilometers to nearly 6 in 
width. The topography of the island falls into two distinct parts— first, 
the extreme northern end, northward from Santo Domingo, which is 
dependent on Iraya Yolcano, and second the southern and by far the 
larger portion, which showA an independent topography which in many 
respects is similar to that of the Island of Sabtan. Aside from Mount 
Iraya> the prindpal topographic feature is a range of hills extending 
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diagoually across the island from Mabatiiy Point on the y^est coast to 
Desiay Point, the southeastern corner of tiie isianch This ridge rises 
abrupti}' fi'oin the sea at Mabatiiy Point ainl extends southeast for aliout 
2 kilometers where it reaches its liigliest elevation of about 460 iriet(u-s at 
the twin peaks of Mount MatarcJip tlienee it jtius nearly soiiiii for a liille 
over a kilometer, then turns southeast again, and wlieiu the itbod gorge 
cuts through the ridge its direction is nearly tuist. (See Pis. IJ and i 11.) 

Various spurs run off from the main ridge in all directions, and the 
topogra|)hy is extremely confusing. A [>ron\incnt ridge, with sninor sub- 
sidiary ones, runs eastward from Ohana Point across the island. Another 
ridge extends eastward from Mount kfatareni, the latter forming, with 
the main soutli easterly ridge a lai'ge amphitheatral valley drained by tlie 
streams flowing through the Itbod gorges. The material of these ridges 
is all volcanic agglomerate, with occasional outcrops of igneous ro(d< and 
scattered areas of stratified sandstone and conglomerate, l^he agglome- 
rate ridges are sharp and ragged in tlieir u])peT portions and are cut by 
streams in deep box canons. The lower parts and the smaller spurs are 
covered by a thick mantle of decomposed material, generally in the form 
of a red clay with partly decomposed volcanic pebbles. The gj*adaal 
downward creeping of this material on tlie hillside has given a rough, 
stratification parallel to the contour of the liill. Tlie agglomerate ridges 
form steep cliffs when they reach the vsea as they do at Ghana and Mabatiiy 
Points at the coast northwest from Itbod, and along tbe east coast of tlie 
island south from Bskid Bay (north of Mananioy). Wliete they are 
fissured, deep sea-caves are produced. 



Ibana 

PX(3I. 2 . 


South of San Jose de Ibana there is a seiies of terraces ver}'' similar 
to those of Sabtan, but rather. more regular, reaching a maximum eleva- 
tion of about 375 meters and consisting of strati.fiefl volcanic mate,r,ial, 
sand, gravel and pebbles. 

^ Northern Batan, north of a line drawn across the island from San 
Carlos de Magatao, shows an entirely different style of topography, the 
features of the landscape being controlled by the extinct volcano, Mount 
Iraya. This mountain is a beautifully symmetrical cone, its height as 
;^yeiL on: the. Coast Survey chart being 3,806 feet (1,160 meters). The 
photograph (PL VI) shows that it was once of greater height, aii older 
tegOr blown away in ,,a :former eruption and a new 
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one built iij:) in the old explosion crater, while on the southern side there 
is a hill of tilted basalt Avhich be the remains of a still older crater. 
TJie present crater is horseshoe shaped, being broken down on the north- 
ern side where the last lava fiow^ a stream of basalt^ has emerged. 'hFunier- 
ous^ small fissures are seen in the crater and one cuts across its southern 
wall. These fissures are pj*obably the result of earthquakes, ffearly ail 
the lava flows are basalt, but the earliest seem to be andesite, although no 
petrographic study of them has as yet been made. 

The end of the flow of basalt from the present crater is exposed in a 
sea cliff on the noiffhern shore of the island;, and this tells in some detail 
the story of the last eruption of Mount Iraya. The mountain had been 
(piiescent for a period long enough before the eruption to allow a con- 
siderable stream valley to be cut through the bedded deposits of volcanic 
debris which form the cliffs of this neighborhood. The renewal of its 
activity v-as marked by considerable explosive force which probably blew 
away part of tlie northern side of the present cone and nearly filled 
the valley with a mass of angular fragments of volcanic material. 
The latter part of this explosive phase was marked by the presence of a 
number of basaltic bombs. Finally, a stream of basalt several feet thick 
flowed down this valley, completely filling it. Since then the lava flow 
has itself been buried under the mass of loose material constantly creeping 
down the slopes of the mountain. 

The nearly flat region around Santo Domingo and stretching across 
the island owes its form to the piedmont wash from Mount Iraya. The 
liyperbolic curve of the mountain must at one time have been continuous 
from sea level to summit, but marine erosion has cut off the lower end, 
leaving sea clifffs varying from 15 to 60 meters in height truncating the 
piedmont plain and of much greater height where the waves have en- 
(iroached upon the actual slope of the mountain in the extreme north- 
eastern part of the island. (Fig. 3.) 



Fl«. 3. 
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Tlie dills of tlie Piedmont region are eom|)osed of stratified sandstone 
and conglomerate., poorly consolidated, and it is only tlie constant action 
of the sarf that permits such loose maUadal to form dills. The pebbles 
in the conglomerate hods are all of volcanic origin, and ('ross-lMMjdJiig is 
common in the sand and gravel layers, but no distinct rippb' markings 
appear. I found several pieces of Avood embcalded in various parts of 
the cliffs, but never any marine shells. All these faots go to show that 
the conglomerate is distinctly of tern^strial origin. However, norlluvard 
from Santo Domingo to Diojo Point there is a. serit's of dills of coral 
limestone interbedded Avith a distiiuhly marine ('ongioinei’ate, the latter 
containing a large pj*o])ortion of limestone pebbles, relations be- 

tAA^een this limestone and the eonglomerate jnst des(n‘ibed, wliieh foians 
the dills bounding tlie Piedmont area, is not entirely ('loar, but if llie 
coral has groAAm upon the eonglomerate, there may have htum some' slighi, 
reAA’Orking of the material by tlie Avaves. Idle extrcmieiy flat plain of 
A'ergiumg on the east coast opposite Santo Domingo' secuns to hav(‘. Ikhui 
planed off liy marine action, as rounded pehbles and slidls are found on. 
its surface. (See PL VI.) It is of course possible ihat Ibe limesi.one 
area north of Santo Domingo may have been an earlier uplift against 
which the wash deposits from the mountains have been built up. 

Santo Domingo de Baaco, the capital of the subprovince and the 
largest town in the islands, CAA^es its prominence entirely to its situation. 
It possesses the only harbor in tlie islands with a stretch of bemP un- 
obstructed by coralj where boats can, be Hauled up. It is surrounded by 
the best farming land and in addition it is the (*eni ral point for ^b(^ 
fertile region around Mount li'aya. 


«0 





Cms Section ahn^ line A d CD ( Plate H) 


Se;a.l« 4;«>o,o«>o 



Fia. 4, 


Pig, '4; is ''a .cross section through the islands mf Ibujos, 'Sabtan and 
Batah along; the';]ine;A:BCD''Of map 2, showing the principal features of 

the topography. " ^ . 
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INEM. 

Ineiii Lslancl, iiortli of Batan, is noted on the chart as ''volcanic'’ and 
the liciglii is j)ui at over 1,800 feet (550 raetei^s). These two facts 
re])resciit practic^aJly all tlie information I have been able to obtain con- 
eerning this rock. It is a lone rock rising out of the sea, with steep clitfs 
on (nY;ry side, and dangerous currents make landing there practically im- 
possible. As seen from the deck of the steamer it is an extinct volcano 
which, has suffered heavily from marine erosion. Eeports are current 
that steam lias been ol)served to rise from its summit, but I am inclined 
to believe that the small clouds which often hang aroimd the mountain 
are responsible for this belief. 

THE SIAYANES. 

The islands lying north of Isbayat are locally grouped together as the 
SiayaneSs a word said to mean "good fishing grounds.’' However, the 
natives seldom venture north of Isbayat, as there is a strong northerly 
current which has more than once carried their boats to the Japanese 
island of Botel Tobago where tlrey have suffered from the attacks of 
savages.*^ The islands of Siayan and Mahudis of the Siayanes Group, 
Judging from what could he seen from the vsteamer, seem to be composed 
of lava flows with a small amount of limestone. ^ Mahudis shows a sharp, 
irregular peak, possibly an extinct volcano • above a fairly level terrace. 
(See PL VIIL) Both of these islands are largely cliff “bound and have 
probably been separated by marine erosion. North of these is another 
pair, Y’Ami and May sanga (or North Island). Y’Ami, on which I was 
aide to land for a short time, is a small island of considerable height 
and, except for a few feet of coral near the shore is composed entirely of 
volcanic material There is a considerable quantity of stratified and 
croBsd)edded sandstone in the lower part, above this a volcanic agglom- 
erate, consisting of basalt fragments and bombs. Interbeclded with this 
are several flows of basalt. I did not have time to reach the top of 
the island and so could not determine whether or not it was a volcano, but 
“from the apparent horkontality of the lava flows 1 did not consider it 
probable. The same flows seem to be continued on the neighboring 
island of May sanga, which is probably separated from. Y' Ami by marine 
erosion. It seems likely that all four of the Siayanes islands, together 
with fh4r ontlying rocks and perhaps Inein and Batan, once formed a 
single land mass, built up by flows from Mabndis, or perhaps from Ihem 
' or even traya. : L ' ' ^ . . : . ; ^ , 

' ' Davidson, W.; mentions Is- 
landers W being shipwrecked on peppk are now living 

dnB0ki,avba^o. . pL / , r ^ A ' 
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THIO IJMKSTONW ISLANDS. 

throe lijnesLoiU'. islands lie to th,o westward ot the rest of iht* 
B ataxies and topograph iixilly are in jinirlaHl ('ontrasl fo (Iuosl 

IBIMOB. 

The island of Ihnjos eonsisis laitirdy of (loral liiiK^sioru^ rising in stin^p 
(dill's to a heigldi of over (U) nudors. ''.Flu^se surround ilu^ island, (L\(tept 
on tluii (‘.astern side w1ier(‘. ihe land rivS(‘s gently from the'. fri(ig(‘ of sand 
dimes and simili jionds around, the shor(‘_, in ('onlrasl- lo the tUHlnneior 
aggdoinerato. (dill's of die island of Bahtan h‘ss tlian 2 kilonndcu's disiant. 
(See PL LX.) The siirfaec of Lhnjos is gently rolling, hut wilhout any 
streams or deiinid! stre^xun valleys. Iliis cjondition is partly dm‘ io iln^ 
solubility of the roek whudi allows wai,(‘r to run oil: in uinhn'gronnd 
channels., but it is also in larger ])a,rt axi tdTeei of die nn^eni date of IJn* 
iiplifL wideh has not allowed sullieient tiuu? for the streams to form 
valleys. The soil seems to he volcanic asli rallier Hum limestone. 

ITOQUISY. 

Desquey^ a little island to the west of Ibujos, is entindy (diffdiound 
and inaccessible, but otherwise seems to be exactly like Ibujos. 

ISBAYAT, 

Isbayatythe largest island' of the group is likewise entirely surroimdecl 
by cliffSj, the only landings being steps cut in tlu? ro( 3 k in one pUmeu and 
a series of ladders in the other. From the deck of the sieanuvr tJn^ (^lifTs 
.seemed to be similar to the limestone cliff of Diojo Point on (bo norHi 
of Batan Island,, and I am told by people who have visitcjd the island 
that the land slopes downward from the top of the ediffs toward the 
; Villages; %hich':are, dtixated in. 'small ^"^sinks.^* 'This fact, imdines me to 
believe that 'Isbay at , is. 'formed of limestone^ rather .than that it is of 
volcanic origin..; The, island is.' said to be the most fertile. 'o'f the group, 
but has a reputation for unhealthfulness/the natives' of' 'the other islands 
suffering from fever wheneyer they '' go there. Betweem . Isbayat and 
Batan, and in a less degree throughout all the islands, there are extraTO.ely 
powerful and complei tidal currents which render the passage between 
i ^ tho'inditfidhafe of the grohp extremely dang^on®, So ttiat almost the only ■ 

copinitofation' w^iih outside world 'is wh^n an occasional steamer 

tal:^ Oh of^ew^|i3fom ^tk'e lahayat pastures. 

SUBMARINE GOJSrEmURAT.XO]Sr. 

The soundings given on the chart are very few and these fot* ike, mosi^ 
part (seemiap Xfo. 3) do not reach to bottom, but record 'bio botiond' 
at depths of from 25; to over 100 fathoms.,, However, meager as tlu' 
.'information 'is, it will ^e' of interest to examine itdn some detail 
: ' South of Bptel Tobago there seems to.be a bench of about 100 fathornH 
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in deptii extending as far as Gadd Rock, about 31 kilometers soutli of the 
island of Little Botel Tobago, where it ends sharply in the deep Bashi 
Channeh Between Botel Tobago and Formosa, on the other hand, a 
depth of 1,050 fathoms (without bottom) is reached. From Formosa 
a similar ridge extends southwards for about 90 kilometers where a 
sounding of 73 fathoms is recorded, but beyond this there seems to be a 
marked deepening to the southward. The ^^position doubtful” Mark Lane 
Shoal in latitude 21° north, longitude 120° east may be a part of this 
same shelf. A line of deep soundings through the Bashi Channel gives 
the following depths : 2,645 fathoms, 55 kilometers east-northeast of 
Botel Tobago; 2,618 fathoms, 40 kilometers east of Little Botel Tobago; 
1,287 fathoms, 27 kilometers east-southeast of Gadd Rock; 1,009 fathoms, 
midway between Gadd Rock and Yhkmi; 2,009 fathoms, 40 kilometei*s 
west of Y^Ami ; 2,053 fathoms, the same distance west of Isbayat ; 1,784 
fathoms, 55 kilometers west-southwest of Isbayat, and 936 fathoms, 73 
kilometers west-southwest of Desquey. These soundings seem to show the 
existence of a deep trough connecting the '^^deep” off the west coast of 
northern Luzon ndth that to the southeast of the Eiukiu Islands. 

On the American side of the Bashi Channel the soundings are those 
made by the British survey of 1845 and are for the most part ‘^Vitliout 
bottom” and hence of less value for our purposes. FTo soundings ai'e 
given in the vicinity of Isbayat and the Siayanes, except between Y^Ami 
and May sanga where there is a mmimum depth of 36 fathoms, probably 
from tidal scour and recent depression. 

Between Ibujos and Sabtan there are for some reason a great number 
of soundings, generally less than 20 fathoms. The most interesting 
feature of these is a narrow trough of from. 19 to 45 fathoms depth 
close to the northern part of the west coast of Sabtan. Another feature 
is the sudden deepening beyond 20 fathoms, the 20- and 30-fathom 
conntonrs being in most cases dose together. There are very few sound- 
ings to bottom near Batan Island, but such as are given seem to indicate 
the existence of a 20-fathom shelf. 

GEOLOGIC PROBLEMS. ■ 

Having given a general description of the islands it seems advisable 
briefly to touch on the chief geologic problems before proceeding to a 
physiographic, discussion.; ' 

THE OEIGESf Of THE AGGLOMEEATE. 

The volcanic agglomerate, so far as we can see, is the basal rock of 
these northern islands. In hedionS '-of Jhnestones which rest upon 

it> Mr. ^ W D. Smit^h lias found fee;, Miocene' foedle Orbitoides and' 
LUhothamnium , hence the aggloincratei 'mhy- be considered pre-Miocene. 
Thn4 in depending on existing 

physiograiiMc of Mount Itaya oi* 
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an explosi( 3 n crater in the ainpliithcatral valley north of Itboch aj‘t^ unten- 
able. Mr. Smith has discovered volcanic agglornerah^ of probably 
similar age in Ilocos Norte, heiKa^ a proper explanation slimild indiide 
both. Tlie Babuyanes Islands have a roiigldy circular forin and might be 
considered as a large explosion crater but for the fad; tha;t (luy, liki^ 
the Batanes, are divided, into an eastern volcanic group and a, wi^siern 
group of coral islamis, and as in addition no such aggloiueratt^ is found on 
Caniiguin, the only island of the grou],) which the writer Inis been able l.o 
visit. Ifroin present knowledge tlie most that can l)e said in regard to 
the origin of the agglomerate is that in pre-Miocene times enormous, 
explosive., volcanic activity between latitudes 18^ 30' and nortli 
built up a land mass in the region of the Batamns Islands and a considin*- 
able mass of agglomerate in Ilocos Norte near (kxpe Bojeador. llu* 
northern part of Linson eastward from the Cordillera Central, is as yei. 
unexplored and hence it is impossible to say how great an area this 
agglomerate may cover. 

FAULTING. 


The difference in, structure and topography between ilu^ mdghJ)oring 
islands of Sabtan and Ibujos is extremely striking, the former liaving on 
its western side a straight line of agglomerate cliffs, reaching an altitmhi 
of about 400 meters and broken only by narrow canons, with the fall- 
line close to the sea, and the latter being composed entirely of limestone 
(age as yet undetermined) rising gradually on its eastern side toward 
the west. This striking difference of material and topography, together 
with the straight coast line of the •western side of Sabtan and the trough 
just off the Sabtan shore, to say the least, strongly suggests a fault line 
between the two islands, with upthrow on: the east. If we accept this 
fault on thh evidence a*s given above and prolong it to the north and sontli 
#’^ainbeot&e''Bhggestm Extending the, line, northward , in a 

'direction 'IJ. brings Isbayat' (probably similar , to ^ Ibujos) ,to 

the west of the ,lin^' hhi/the and Inem,,(neo4olcanic) 'on tlie 

eastern side. Following the same line to the southward there is a similar 
division of the Babuyanes Islands, the Balingtang rBeks (probably vol- 
canic), Bjabujan Glare, Camiguin and the Bidicas rocks all lying to the 
east of the line, and Calayan, Dalupiri and Fuga (Babuyan) to the west. 
This line tEorther e::rt^de4 would meet liU 2 f 0 n at the mouth of the Cagayan 
Eiver. 

ALIGNMENT OF VOLCANOES. 


The close alignment of both active and extinct volcanoes along the one 
hundred and twenty-second meridian is remaiirable. The following are 
the iongithdes r Y^Anh Island,, 58' ; Mabudis Island, 121° 57'; 
tnem island; 121° 57'; Mount Iraya, 122° 01'; Balintang Bocks, 122° 


Smith' 


Thwi formal, 0en. ( 1907 ), 2 , 153 . 
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08'; Babinan Claro, 56'; Caiiiiguin Volcano, 121° 52'; Didicas 

Volcano^ 1.22° 09', and Cagna Volcano^ in nortlieastern Luzon, 122° 04'. 
It seems reasonable to infer from the close alignment of the volcanoes 
of the Babuyanes and Batanes groups and the supposed fault between 
Sabtan and I])iijos, that the volcanoes mark a fissure in the earth’s 
crust and that their activity may be dependent upon sea water having 
had access to great depths along the fanlt. 

OOBEELATIOn. 

There is not enoiigli material at hand just now to enable us to 
determine tlie tectonic relations of the Batanes with Bormosa and with 
the Babuyanes and northern Luzon. However^ there are certain signifi- 
cant facts. First, the enormously deep Bashi Channel seems to trend 
in a northeasterly direction. If so, it may represent a geosyncline or 
trough, parallel to the tectonic lines shown by Von Richthofen along 
the southeast coasts of China and Cochin-China and to the northwest 
coasts of Borneo and Palawan. This deep channel prologed, would 
enter the 4,000 -f-meter '^fileep’’ of the northwest coast of Luzon and 
follow the 2,000-f-ineter ^kleep” to the southeast of the Riukiu Islands, 
hence, by inference, making the Philippines and Japan (including For- 
mosa) separate geologic provinces. Professor K6to sums up the 
present geological knowledge of Botel Tobago (Koto) as follows: 

^Tringing reefs are said to skirt tlie shore, some portion attaining double man^s 
height above the water’s edge, indicative of a recent negative shift of the relative 
levels. It seems to me probable that they are not the reefs of Neocene time, 
wliich usually attain a considerable height of more than 200 meters as in the Apes 
Hill of Takao, but those of a comparatively recent date, possibly representing a 
diluvial formation. The plateau-like elevation, which faces the sea in cliffs, 
seems in parts at least in the northeast point to consist of volcanic agglomerate. 
A greater part of the interior seems to he built of volcanic rocks with a gabhro- 
like plutonic mass as the foundation of the island exposed at the west coast, but 
their mutual relations and area of distribution are quite unknown to me.” 

Professor K6t5 also gives petrographic descriptions of feldspar basalts, 
hornblende andesites, apoandesites, gabbro and ser])entine from Botel 
Tobago. ' 

Thus, the existence of a volcanic island in longitude 121'^ 30', although 
across the Bashi, Channel from the Batanes and the great Taito furrow 
running FT. 20° E. from the southern point of the island/^ together 
with the Taito Range just to the east of it, may be more than mere 
doineidencesl ' ' ' ' ", V- ' ; 

The chain of volcanoes is cer|:ainljr significant in regard to the relation 
of the Batanes Islands to the' northern Luzon, as is also the 
separation of the limestone islands of the grbnps from the volcanic ones. 
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Fnrtliermore, the earthquake records seem to show a closer connection 
between tlie Batanes Islands and the northeast of Luzon than with the 
noidliwovst.^*' However^ these points of tectonic ideology will be dis- 
enssed more fnllj in a subsequent papej*. 

PHYSIOGBAPHY. 

FOEMATION OF TIIK UAND. 

The first geologic action of which wc have any dcrmite record is the 
building up of the agglomerate^ by explosions from sonunvhere to the 
southward. At a moderate estimate the agglomerate formation, has a 
volume above sea level of between and 2 cubic miles, and the a-inount 
of erosion undergone by the islands shows that this figure represeritB a 
vSinall fraction of the original volnmes. Tliat the agglomerate was not 
built up in a single explosion is shown by tlie areas of stratified sandstone 
and conglomerate which occur here and there throughout the formation, 
showing that there were periods of quiescence of safficient length to 
allow streams to work dnring this period. Nothing can bo said concern- 
ing the region in which the explosion.s took placci except that it was 
of volcanic formation, for only lava pebbles are found in the agglomerate 
and this lava is practically all andesitic. 

THE SABTAN UPLAND. 

The first record of the ]diysiographic cycle is found in the uphmcl 
of Sabtan. This belt from 300 to 400 meters above the sea shows a 
topography which if not that of a peneplain, is at least in advanced 
^'old age"^ and represents the cycle previous to the present. It is of 
pre-Miocene age, since Miocene limestones are found on tlie eastom flanks 
of the plateau. We have then at the commencement of the latest phys- 
iographic cycle in pre-Miocene time,, a low-lying land mass witliout 
marked relief covering at least the area at present occu|:)ied by the islands 
of Desquey, Ibujos, Isbayat, : SabtaU;, and Batan. 

km moBion. 

The next chapter in the history was one of u|>lij‘k uccoiupanicd by 
pauses in which the limestone terraces of Batan and Sabtan were formed, 
and possibly by some oscillation. However, this uplift was loo rapid for 
the streams to keep up with it and the present topography of the agglom- 
erate area is characteristically ^'^young,” most of the streams flowing 
through typical box canons. 

A peculiar feature in the drainage conditions of Batan is the arnj>hi- 
fcheatral valley north of Itbod. This is a wide, open valley of irregular, 
ellipsoidal; :^hape, ^ between, ridges of agglomerate and cut up 

Kev. Saderva, S. j.: PUnippme Odusus (1005), 1, 
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bj spurs nirming out from these ridges. The streams here have gentle 
gradients and gently sloping banks. In the central part of this valley 
outcrops of andesite are foimd^, one of which shows a wide zone of 
pyritized atti'ition clay^ with a northwesterly strike, the result of faulting. 

The two streams draining this valle}' flow to the southward, cutting 
through the Matarem range which here runs east to west, in steep 
canons, uniting at the baiaio of Itbod. The eastern of these two 
streams can be followed from Itbod to within a short distance of the 


point where the broad valley begins. It flow^s through a very narrow 
gorge generally less than fifteen meters in width, with walls over sixty 
meters in height. Waterfalls are frequent. 

There is no reason why the valley should not be readily explainable 
by superimposed drainage. The presence of a fault the strike of which is 
parallel to the long axis of the valley is probably sufficient to account for 
this. A shattered fault zone would readily yield to erosion and be worn 
down to the grade cleterminecl hy the rate of cutting of the stream through 
the well cemented material to the south. Hence, the part of the stream 
and its tributaries in the region of the fault zone would he practically 
at grade, only cutting down the valleys as the deepening of the canon 
gave them new power. Thus, there is a gradual ^^sinking down^^ and 
preservation of matm*e topography from a previous cycle in a present 
extremely youthful stage. It seems strange that the stream draining 
the valley should not flow along the line of tl;ie faulting to the southeast, 
where the hills are lower, instead of directly through the highest paH of 
the ridge. As it does not, there is evidence that the drainage conditions 
which existed before the uplift began, are now superimposed upon the 
younger topography. Eventually, if conditions remain unchanged a 
stream \voihing up along the fault zone from the southeast will capture 
the headwaters of the pre’feent streams. It may already have done so in 
part, but wuthout a topographic map the dense vegetation makes it im- 
possible to secure an}' grasp of the details of the physiography. The two 
streams which at prOvSent drain the valley are also engaged in a struggle 
for supremacy. The eastern o-f these, having the shorter course, can 
make steeper grades and hence will eventually have the advantage, but 
at present this seems partly neutralized by the otherwise more favorable 
situation of the western one, which receives the drainage from the Mata- 


rem, Range; d'' However, ,it' seans,' probable that the, eastern stream has 
already captured an eastern branch from its neighbor. 

A peculiar feature of , dxain%e conditions in, general is the small 
mount of work accotnplisheii 'Tby ‘in' 'a region of such heary 

rafn&tf. The older topography oif U of pre-Miocene age and is 

at m ekwtioh of oni melSers, hmm it seems strange that any of 
it, ‘ to . , he|t^ Bhbuld St®, emh - One reason ^or this 

oondi^to* of these islands, as 
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compared with, mainland conditions. The erosiv(^ power oi: streains is 
dependent very largely upon the size o.f tlioir drainage area. dTo oiu^ 
of two streams receiving more wattn* ])eeaus(i ii. has a larger drainagn 
area, has the advantage over one with a slightly better grades but a 
smaller drainage area. Iloneej wo must noi. look for llu^ saim^ proporiaon 
of work ol: stanain erosion on small islands as would ho foinid oi) Luzon. 
However, another point to be considered liercu is that tlui presemi; stidp 
of Sabtan upland is bounded on tln^ west, by a fault scar]) and iliat thc^ 
western streams have scarcely begun their work. 

SINKING OF IBUJOS-OESQXIUy. 

The sinking of the land to the west of Sabtan must have taken pl<ic(^ 
toward the end of the uplift, for the western coast of Sabtan shows 
no traces of terraces or other evidence of having been submerged. Prol>~ 
ably the period of greatest movement was (iontemporaneous with that 
of greatest activity among the volcanoes to the east of tlie line of faulting. 
Movement along this line is in all likelihold still progressing. Tins is 
indicated by the prevalence of earthquakes in the liatanos, where the 
records for 1906 show eleven shocks, as against three at tlie mouth of the- 
Cagayan Eiver (Aparri) and on the northwest coast of Luzon (V'igan)d^ 
In five years (presumably 1898-1902) only twenty- live earthquakes mnv 
recorded ini the southern part of Formosa (Taiku).'^^' 

The downthrow of the western part of the older plateau could not 
have depressed the land to a point below that at winch coral can grow 
(100 fathoms). Coral, formed upon this depressed shelf and .later ele- 
vation affecting both sides of the fault, with perhaps some reverse luovC'- 
inent of the fault blocks,; has brought the western islands, Ihirjos, 
Dasquey and Isbayat to their present elevation, 

DK1»BKSS10N. 

It is not to be supposed that the period of u])lift was ivniutorrupieck 
The benches which give us our eviden(*c of elevation nvo i.n ih(uus(*Ivos 
indications of stationary periods and hence it is not improbable^ thal, 
although 'uplift has been the dominant feature of the history of th(^ 
islands, there also may have been small periods of flcpressio.u or tilting. 
The persistence of the 20-fathon ‘shelf around Sabtan and Batan ami 
the submarine contours of Santo Domingo Bay (Map No. 3) may 
indicate a depression. On the other hand, this 20-fatbom shelf may ho 
indicative of the amount of marine erosion accomplislied during the 
time that the islands have remained at their present level, showing the 
4epth to whi^^^ is effective in, the region. The islands; as has 

,;,^ready b,een statedy lie in the track'of th.e majority of the typhoons, hence 

Bulletins, of 'the Ob^rvatory, Manila, 1006 , 

W.,g Formosa,' Fast, - 
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marine erosion must be a very signilicant feature. It is to be regretted 
that there are no soiuidings on the Pacific side of Batan^ as it "^voiild tend 
to clear up this point if we Imew whether this submarine shelf were 
deepest on that side. 'Naturally, where open to the Pacific, the wa\us 
worild have greater force than on the western side, hence it is to be 
expected that if the typhoon waves of the China Sea are effective to a 
depth of 20 fathoms, those of the Pacific should cut a deeper bench. 

ilAEINE EKOSION. 


In all probability Ibujos and Desquey were one island within recent 
geological time, as was the case with Siayan and Mabudis and also 
Y'Aini and May sanga. It is not improbable that Isbayat may have 
been separated from the other limestone islands by marine erosion, 
and that the four Siayanes Islands may at one time have formed one 
island. If this is so, then the amount of land lost through marine erosion 
must neaily equal the present area of the islands. 

The land, at least Batan Island at the present time, is essentially 
stationary. This is shown by the high sea cliffs of unconsolidated 
material around Mount Iraya. A sea cliff represents the shoreward 
limit of effective action of storm waves. The action of waves upon the 
coast, in addition to the formation of a cliff, tends to build out a sub- 
marine shelf, partly through cutting away the land and to a less degree 
by depositing the material carried ont by the undertow. The relation 
of this shelf to a receding cliff must always he such that the shelf must 
be kept worn dovm to such a depth by the abrasive action of material 
carried out by the undertow, that the waves will be able to do effective 
work against the cliffs. The analog}^ to stream conditions is very close. 
Under normal, stationaiy conditions of the land the undertow near the 
coast acts in time of storm as^ a degrading stream, the force of the 
Avaves hurling pebbles against the face of the cliff, loosens great blocks 
which are later broken up to a size suitable for transportation. These 
are carried seawards by the undertow which has sufficient force to keep 


the wearing down of the beach and shelf in such relation to the point 
where the waves are tripped, that the latter are able to do their most 
effective work on the cliff and to keep the xmderiow constantly supplied 
with new material. When the nndertow reaches deeper water it neces- 
sarily has less velocity and consequently less carrying power. The ma- 
terial borne ont is therefore deposited, the coarser nearer shore and the 
ftner farther out, Jtist as a stream degrading near its head deposits its 
when its velocity and carrying power be<^ome less. Since the 
poyer of the* nndertow taries as die ‘3/2 power of. its volume 
l^ower of ife '^locity/^ it is clear that only dating times 
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of storriiB is it as effective as a clegTadiiig streaju. Marino erosion 
may be tremeiidonsly effective during the ]>rogress of a tro])ical eye] one. 
This is shown by the fact that in the vortex <')f iho t 3 'p]K)on tlie elevation 
of the water level, due solely io decinasc in pressure of the at;inospbere, 
may amount to nearly a inelerJ' A long pei'iod witiiont storms Inis the 
same effect on coastal erosion as a sijuilar one without lloods lias u],)on 
stream erosion, ddie waves,, liaving less force, are no longer as elfcHt.ivo 
ii})on the cliffs and the weaker undertow is compelled io deposit il;s ma- 
terial nearer shore,, building up an additional liemti of loose detritus 
which is carried awmy by the next storm, just as the deposits nia(i(3 by a 
stream of small transporting power aao carried away in. times of liood. 
When elevation of the land occurs, no matter how small, tlie delicate I’chi- 
tion between bench and cliff is destroyed, waves are tripjied liidore they 
can do effective wmrk upon the cliff' and tlie result is first, a {uxffociing 
reef which mnst be planed down before the cliff; can again be atia-cked, 
and, if elevation continues, a raised bemdi. Jf, on tlie othoi' liand iJie 
land ivS depressed, the waves beat directly upon the t'liff. In the deojier 
water the undertow is less effective as a transpoiding agent and must 
deposit the material fed to it by the waves until it has built up its bencli 
to ‘^^gi'aded^ 

The material deposited by the undertow at the end of the bench 
comes into the power of ihe shore ciirreui.. Tlie action of this current 
is extremely variable, depending upon the prmnilonce of onshore winds 
and the shape of the coast line. Its action is always to simplify the coast 
line by depositing its load in and across the deeper reentrants. On tlie 
coast of Batan this enrrent should be strong during tlie prevalence of 
steady monsoon winds, although it is complicated by and subordinate to 
the tidal currents. Fig. 3 (p. 9) modified from Gilbert,'^** ill ust, rates 
the formation of a sea cliff, on a coast having an original outline of A B. 
Beginning. with ffhe sea cliff (a);m this' diagram, wve have first, an upper 
bench' (&) ycompbsed: of, large, blocks broken off from the cliff and of 


alightly ' rounded /bowlders.^ 'This is 'Only reached by the waves of the 
heaviest storms. Below this bench there is another ledge (g) the mate- 
rid. of which is worked over by waves of ordinary storms and is conse- 


compOwd of smaller bowlders. Beyond this is the beach (d) 
progressively smaller towards the sea. This boich is being 
'""‘'^adually built up in ordinary weather, but in toe of stpm it is moved 
by the undeertow which eyodos the ledge {$), to t point where the waves 
when breaking do toir meet efeotiTe wrk pn the elrffi. Bartber .eOa- 

of to terrace bnilt by ftom' inhlirio# ; 
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the extent of this at any given point depends upon the strength of the 
shore current at that point. The features (c) and {d) belong to periods 
of moderate weather and hence are constantly being destroyed and 
rebuilt. 

It is clear in the case of the cliffs of poorly consolidated conglomerate 
surrounding the iiorthern }>ai*t of Ilatan, that they could not retain their 
present form without coUvStant cutting by the waves. Hence, the land 
can not be rising, for otherwise the elevation of the bench would cause 
the waves to trip before reaching the cliff, and the cliffy left to the disin- 
tegrating action of the atmosphere and ground waters^ would slump down 
until the angle of T‘est of its material is reached. On the west coast of 
Isbayat there is a considerable depth of water very near the shore and 
there is no beach bet'ween the cliffs and the sea. This indicates recent 
depression. 

TIDAL SCOUE. 

The tidal scour is another marine agency which must have considerable 
effect. The tidal wave between the Pacific and the China Sea must pass 
through the Bashi and Balingtaiig channels. Consequently, the wave 
is narrowed, its force increased and an extremely complex series of strong 
tidal currents is created throughout the islands. It is to be expected 
that these cinrents should iiave some effect upon the submarine con- 
figuration and it seenis likely that the channel of Santo Domingo Bay 
and that between Sabtan and Ibujos while possibly of terrestrial origin, 
owe their present depth and preservation to tidal scour. The depth at 
present of the channel between Y'Ami and May sanga is undoubtedly due 
to the tide. 

COEAL. 

The upbuilding accompli>s]ied by the coral is opposite to the destruc- 
tive agencies of waves and tide. There are lew coral reefs in the more 
exposed portion>s of the islands, such as the northern and eastern coast 
of Bataii, but growing coral is found everywhere in the more sheltered 
portions. Beginning on the north side of Santo Domingo Bay there is 
a series of small coral reefs extending along the west and south shores 
of Batan as far as Disiai Point. There is only a small amount of coral 
growing in Santo Domingo Bay, probably because of the sediment brought 
down by the stream from Mount Iraya; the reef is also broken by small 
channels, due to streams, which determine the position of the barrios of 
San ' Carlos de'/^Magatao,' SanTicente, San Jose de IbanaySan.Antonino 
and Itbod. Besides this the points of Ghana, Mabatuy and Mabien stand 
out beyond the reef. The reef on' Sabtan unote extensive, forming a 
barrier around the island which i$ hatoten only by small channels at San 
Vieente, ' Santa Bosa and' Santa and at Hatao and AJao Points.' 
TDher^ ‘inlet at the batrlo of San paking it necessary to launch 
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the boats across the reef at high tide, often a dangerous proceeding. 
However, the barrier reef reaches its greatest development on ihe eastern 
shore of Ibiijos; there it has a width of nearly a Idlonieter, and is 
unbroken by any inlets. On the west shoi-e there is no coral a,nd tlm 
limestone cliff's sink sharply into deep water. Idui sarm^ is line of ihe 
cliff-bound island of Descjney. 

VULCANISM. 

Volcanic activity may be regarded as a physiograjhit? aechletii, intto*- 
fering with, but independent of the normal cycle of uplift, ei'osion and 
ultimate peneplanation. In the history of the Batanes, videanisni has 
played an important part. The islands theinselyes owe their origin i,o 
volcanic ontbursts of some kind and volcanic activity has beim a. I'actoi* 
in all stages of their history. There seem to iiave been periods of lava 
eruption during the time that explosive outbursts were building up ih(^ 
agglomerate mass. This is shown by the andesite of Vatao Point, wliiidi 
may be a flow. The Lavas which have extended from the Batanes voh/a- 
noes are all basic, consisting of andesites and basalts, and although, no 
general series can be made otit, the more recent of tlieui seem to b6 tiie 
more basic. 

Volcanic activity during the period of pre-Miocene degradation, is 
shown by the dikes which cut through the agglomerate, particularly near 
Ajao Point in Sabtan. During the time of uplift, the loam of volcanic 
, action seems to have shifted to the east and north, building up the 
Siayanes, Inem and Iraya. Activity gradually died out, first at the 
north, and now the only volcano of a chain of thj*ee and possibly four 
which retains its symmetrical form, is Mount Iraya, with its double (or 
triple) crater indicating long periods of quiescence between those of 
activity. The present inteiwal of qideseence has lasted so long tliat 
the volcano has passed through the solfataric and hot-spring stage, 
the center of activity having sliifted still farther to tlie souflrward, to the 
Bahuyanes/'lBlandi ' ‘/riieliistory'Of the Batanes Islands may be /looked 
upon as a constant struggle of^the land' for its existence, with vulcanism. 
and coral reef -building in opposition to piarine, and to a less degree, 
stream erosion, uplift and; depression, being /the, factors really controlling 
the struggle. 

HUMAN EESrONSE TO FHYSIOGRAPJIIO OONDlTtOXS. 

The natives of Bataii and Sabtan weio divided into three warring clans 
whose boimdaries depended upon topographic features before the corning 
of the Spaniards and the abandonment of their savage life. In Sabtan, 
where commnnieation is easy on the east coast, the people were united 
under One chief: Batan, pn the other hand, having a natural barr^ier in 
the fa^gO tnnhing west from Mabatuy point wUs divided into two clans. 
The earlier vfllage^fo^^^ were natxtrally built upon commanding eminences, 
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but with the abaiidonment of tribal warfare defense was no longer a 
consideration and the sites were selected first, where gaps in the reefs 
allowed water eoinmnni cation and second, with respect to the amount of 
arable land in the vicinity. 

The region around Santo Domingo owes its superior agricultural ad- 
vantages to the piedmont deposit of gravel and fine volcanic material 
from Mount Iraya. Eocks weather to form the same kind of soil in 
the agglomerate regions of the island, but there the topography, marked 
])y a series of ridges and canons, makes conditions unfavorable. 

In this connection it may be well to note a point of danger to much 
of the arable land of the Batanes. A large proportion of the cultivated 
fields is upon steep hillsides, and the trees have been entirely cut away 
from the jidges. The result is a gi*adual creeping down of the soil 
toward the sea. In some places this has gone so far that large cracks 
have been formed, which follow the ridges for considerable distances. 
Unless some reforesting is done along the tops of these ridges to hold the 
^oil, much valuable land will be lost. On the sides of the valley just north 
of Santo Domingo, hedges aroimd the fields seem to have held the soil 
sufficiently to prevent cracks from forming. 

The natives of Bataii and Sabtan owing to their isolation have become 
a race of excellent seamen and boat builders, in comparison with the 
slovenly seamenship and low constructive ability of the Ilocanos of 
northern Luzon. Their small boats, or tatayas, built somewhat after 
the fashion of a dory, are excellent surfboats and quick to answer the helm. 
They make frequent trips to Aparri in their large boats, built somewhat 
like a Chinese junk, and sometimes they even sail as far as Manila to sell 
their hogs and cattle. These larger boats are built and owned by the 
communities. A knowledge of the intricate tidal currents plays so great 
a part in the life of the people that the best pilots are the most important 
men of the community. « 

The natives of Isbayat, being more completely isolated through poorer 
facilities for communication, have retained more independent charac- 
teristics, such as their own language and their peculiar art of basket 
‘making. This island owing to its reputation for unhealthfulness, receives 
no immigrants and is consequently underpopulated and large).y given 
over to pasture land. 

StJMMABt. 

In pre-Miocene times a land mass of considerable extent was built up 
by enormous explosive eruptions from unknown sources and, after tbe 
cessation of these explosions, ifse gxadnally worn down by streams to an 
extremely mature topography. 

The next stage, from the Miocene to recent times, was one of predom- 
inant uplift, limestone containing Mij)p^ fossils being found at eleva- 
-tionsmp' to, '275 metes- peJriod;*fAfS marked by renewed activity, 
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of the streams and the cxitthig of steep canons. The locus of volcanic 
activity is now shifted from the region of Sabtan to a line along the 
one hnndred and twenty-second meridian. 

Faulting between Ibiijos and Sal)tan cat off part of the old nidamh 
leaving a well-marked fault scarp along the wcvst coast of Sabta;n and 
giwth of coral and later elevation bronglit a limestone mass, of which 
the islands of Isbayat, Ibiijos and Desqney are remnants^ to tlie surface. 
It seems probable that this fault extends southward through the Babu- 
yanes group and it is possible that the Caga,yan valley may represejit its 
continnation in Luzon. The large number of earthquakes recorded in tlie 
Batanes indicate that movement along this fault is still going^on. 

The recent history of the Batanes Islands is mainly one of lessening 
of the area. The land appears to be stationary and nothing is gained 
through uplift. The upbuilding force of viileanisin has coascMl, leaving 
the growth of coral reefs the only force acting in opposition to the erosive 
action of the waves^ streams and tides. The work of man in deforesting 
the ridges is assisting in the wearing down of the land. 
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NE-W AND LITTLE-KNOWN LEPIDOPTERA OF THE 
PHILIPPINE ISLANDS. 


By W. SOHULTZE. 

ihe E}ii('H)i(jloyical l^ection., Biological Laboratory, Bureau of Science, 
Manila, P. /.) 


EHOPHALOCEEA. 

NYMPHALID.^{1. 


ELY M NIAS, Htibii., Verz. bek. Sebmetterl. (1816), 37. 


Elymnias palmrfolia sp. iiov. (PJ. I, fig. 1). 

c?^ fo.re wing, dark brown with a decided bine iridescence. A large^ 
subapical,, white spot^ divided into 3 parts by the veins. An elongated 
streak between first and second median veins, slight traces of two other 
elongated snbmargiiial streaks. ITind wing; pale brown near costal and 
inner margins, darker towards the outer margin. Between the veins, 
7 yellowish-white stripes, of which tliere are 2 between median veins I 
and 11. Til esc stripes nm nearly to the base of the wing where they 
suffuse with, the general color, but they are very pronounced towards the 
margin. Near the outer margin, slight traces of light, wavy spots, shin- 
ing through from, the under side. Marginal series of interrupted, 
crescent-shaped, white spots in pairs between veins and confluent with 
cilia. Tinder side of wings lighter; spots corresponding as to position, 
but differing in size from those above. Posterior to the subapical spot, 
a very small white one, the streak between median veins, I and II larger 
than above. Between subinedian and first median veins, a broad, whitish 
streak hating a darker one through its . middle and showing traces above. 
On the hind wing the stripes are shorter than above. On the marginal 
.area' many irregular, transverse,' wavy spots. ■ , ^ ^ 

'Length hf wing, ;39 


Length of wing, S : unknown; 
Tuguegarao, Oagayan, ■ 


Time of capture: July, 1905- (Warren Williamson, collector.) 

Type 3, Fp. ;4604; Bureau of Scienoe, 

:: 
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TMs species is very closely related to Ehjmnias inaks, described by 
Semper/ but as he says "‘The observation that neither the presence nor 
the size of a spot, but the arrangement of the individnnl spots, if present, 
is very constant in the diffej*ent species of the genera hllymniiis;'' I feel 
safe in describing this species as new* 

HETEROCEEA. 

SESIIDJd* 


ADJXOA, Hanips., Eaima of Br. Iiid. Moths (1S92), 1, 198. 


Adixoa tomentosa sp. nov. (PL I, figs. 2a male, 2b female, 2c 2(1, cocoons with 
pupal skin. ) ^ 

2, head dark, violet-brown, front steel-blue, white at the sides ; palpi 
white, sides blackish. Collar steel-blue, bordered in front by ycdlow. 
Thorax black with a few brownish scales and a violet sheen ; a yellow 
stripe on the inner margin of teguhn. Metatliorax yellow; ?ibdoin(*n 
blnish-violet-black, rear margins of the second, fourtli and anal segments 
yellow, the last slightly lighter. Posterior margin of other segments 
gray-brown, with a few ochraceons scales. Below, on the lirst abdominal 
segment, a white triangular spot; posterior margins, white. Anal tuft 
black, with gray and whitish hairs,, below lighter. Legs btilow wliitisb. 
Fore-wing, dark, iridescent, violet-brown with. 1 hyaline streak in the 
cell, 4 beyond it, and 1 below. Discocellnlar yellowish, below the cell 
towards the base also somewhat yellowish. Cilia with a few och racoons 
scales. Hind- wing hyaline, outer border with the color of the fore- wing; 
external cilia the same, those of the inner margin lighter io white, dispo- 
cellular yellowish and brown. 

(f, palpi yellow, blackish at the sides, front white, yellowisb-brown on 
top. Posterior margin of second, fourth and anal segment yellowislu In 
the male, the anal tuft below is yellowish-white. 


Length of wing, <f : 8.5 millimeters. 

Length of wing, ?: 11 millifneters, 

Manila, P;L 

, Time of, capture: June, 1905. ' (W*. Sehultee, collector.) 

1 ^ 0 . ^3345, in Entomological * CblketiQn,\'Biir»^^ 

Bluine, •where, they 
wlliagS or aodnles which -tliey' proditce to 
w c'at^i!5>ilto'raai;es.' a blacldsh, parchinent-Hke 

five ,’Opeooiis, are nstially 
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SYNTOMID^. 

CERYX; “ Wllgrn. Wien. Ent. Mon. (1863), 7, 140. 

!S^ 

Ceryx macgregori sp. iiov. (PI. I, fig. 7). 

2, dark brown^ antenna^, white at tips'^ frons with a dark spot in the 
center. Tops and sides of head whitish. Collar with a yellow spot at 
the sides. Teo'idse with a yellowish spot at the base. A yellowish, median 
strealv on pro-, meso- and metathorax. Abdomen dark bro\TO with d 
longitudinal series of ochraceous spots on dorsum, ventruni and sides 
respectively ; last 2 segments without spots and lighter. Pore-wing with 
d hyaline spots, a small, elongated anteraedial, 2 medial and 2 post- 
medial, wliich have a bluish sheen in certain lights. The upper medial 
spot is in tliie cell and the lower postmedial one is divided by the dark vein. 
Hind-wing with a large hyaline spot from the l)ase below the cell to 
vein lY. Legs dark brown, coxa?, with yellowish spot. 

Length of wing, c? : unknown. 

Length of wing, 2 : 1.2 millimeters. 

Montalban, Eizal, P. I. 

Time of capture: February, 1906. (Charles S. Banks, collector.) 

Type 2, No, 5189, in Entomological Collection, Bureau of Science, 
Manila, P. I. 

I take pleasure in naming this species after Mr. E. C. McGregor, orni- 
thologist of this Bureau, who has added a large number of insects to our 
collection. 

EUCHROMIA, Htibner, Verz. bek. Scbmetterl. (1818), 121. 

Euchromia elegantissima Wllgr. Eugenics Resa omkr. Jordan (1861), 360. 

Var. diffusihelvola var. nov. (PL I, fig, '3). 

Colors of body and markings of the wings as in the regular form of 
ehganiissima. The general color of the fore-wing is brownish irro- 
rated with yellowish scales, especially near the outer margin. Cilia dark 
brown. ^ 

Length of wing, S : 22,5 millimeters. 

Length of wing, 2 : 22.5 millimeters. 

Manila, P. I. 

Time of capture : December, 1903. (W. Schultze, collector.) 

Types <7 and. 2, Nh. 448, in Entomological Collection, Bureau of Science, 
Manila, P. I. ' ' 

„ , .:AEBELI0^.:, 

Aouamioapilla 

Proboscis absent ppalpi very" Minnte , and of the male 

short, bipectinated to ±he tips,; legs covered with long hairs, which at the 
tips are scalC-like and oii the tibise of the fore and hind legs very prom- 
inent, Male with a long anal tuft of hair scales, 

' ' , k,' , 2 

' ^ , , , ^Hampsott;': Gat./Lept.; PMaenae,' ..{I'SaB),, 40' (Syutomoides').;;; ■' 
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In the classification I place this new genus after the following: Ar- 
belag^ Moore, R Z. S. (1879), 411. 

Squamicapilla arenata sp. nov. (PI. T, fig. 4.) 

c?, palpi pale brownish; Jieacl \diite; collar io front whitish, at ih(^ sides 
dark brown. Thorax; posterior margin of tegnhe tiifled with da.rk hrowfi 
hair-scales, as is also the metathorax. Abdoineii wliitish ; iaifi, of lirown 
scales above the first segment; at the sides of t])o abdomen infis of jiahi, 
yellowish hairs, the last segments (irroratcd) with a few brown sc^alos. 
Anal tuft very long, with its hair scales ochraceons white, but dark brown 
at the tips. Fore-wing pale ochraceons white, irroratcd witti a few 
brownish scales; traces of an antemedial hand. At the base of tl]o wing, 
below the cell, an irregnlar, dark brown spot and behind the cell another 
large, brown, trapezoidal one, shai*ply proiionnced. Cilia with an, inttir- 
rnpted line of brownish scales. The large scales of the fore-wing ar(‘ 
very roughly arranged, giving tlie wing the a])pearan.c(i of l)eing sprinkled 
with sand. Hind-wing white; inner margin with white hairs. Cilia 
broad, with traces of darker scales, as on fore-wing. IFiidor side of the 
wings whitish. 

Length of wing, c? : 17 millimeters. 

Length of wing, $ : unknown. 

Manila, R I. 

Time of capture: May, 1905. (Charles S. Banks, colkx'jtor.) 

Type, c?, No. 2812, in Entomological Collection, Bureau of ScieruH?, 
Manila, P. I. 

AECTITDiE. 

AkOTIIM!). 


PfiBlCALLlA, HUbn., Verz. bek. Scbmetterl. (1827), 182. 

PericilUa Integra Wlk. (PI. I, %. 5.) 

9,' bmd, pollaf And; thprax brownish-black; vertex of head yellowish- 
white, on: top, of head a; dark 'brown spot, .sides of collar and, tog aha yellow- 
ish-white. . Abdomen orange above, with 'a blackish band' on each seginent, 
except', the'2/„pbsteriof, ’which'. are black with'An: orange spot ,at the, sides ; 
abdomen below, dark btown. Fore-wing dark brown, a yellow-wliite band 
from base and below the cell nearly straight to vein II, then oblique to 
apex. Hind-wing orange, costal and outer margin at the apex dark 
.conjoined at middle and at the apex .to larger spots; two dark 
. the posterior mar^ between veins I and lY ; cilia brown, 
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Qiiiiigan, I^ueva Vizcaya, F. I. 

Time ol' capture: April, 11)05. (Warren Williamson^ collector.) 

Type $, No. 3986, in Entomological Collection, Bureau of Science, 
Manila, P. I. 

The male oE this species is well known and TIampson ^ gives a good 
description of it as does also Semper.^ Only the female is new. 

LlTHOSIINiE. 

DEILEMERA, Hubn. Verz. bek. Sclimetterl. (1818), 178. 

Deilemera brown i sp. nov. (PL I, fig. 0.) 

$, palpi yellowislr- white, third joint brown, second brown at the sides 
only. Head, thorax and abdomen light yellowish, the latter slightly 
darker. Head with black spots on front and vertex; 2 black spots on 
the collar, 4 on the teg'ula3 and 3 on the thorax. Abdomen above with 
black segmental bands, laterally with 2 rows of black spots. Pore-wing 
creamy white. A brown, elongated, triangular area extending from the 
base along three-fifths of the costa. Another brown area from the base 
along the inner margin to the lower angle then bending upward, not 
quite reaching the lower angle of the cell, running along the same and 
bending at vein II dovniward towards the base, but meeting vein I shortly 
before the base. , Outer area brown, with its inner edges dentate between 
the veins. The white, inner area foxms rougjily the letter T. Hind-wing 
wliite, with a brown streak along the costa and a very irregular band 
along the margins except the base of the inner margin. Below, along 
ilie inner margin from the base, a small, brownish streak. 

Length of wing, S : 25.5 millimeters. 

Length of wing, d' : unloiown. 

Manila, P. I. 

Time of capture: ? (Eev. Eobert Brown, S. J,, collector.) 

Type loaned, as jNo. 219 (Brown Collection), to the Entomological 
Collection, Bureau of Science, Manila, P. I. 

I take pleasure in naming this species in honor of its collector, Eev. 


Eol)ert Brown, S. J. 

NOOTUID2E. 

* 

Quadkifin^. 


POLYDESMA, Boised Fauji. But. Madag., Lep. (1833), 108. 

Polydesma dpala PageBts^JDie Lep. Fauna des Bism. AixMpels, (1900), 99. 

\ grayish-white' with a^,fihtk,h3rown''streak at' the sides and a spot 
OU the last Joint,)!, thc>rai:''toS aWbIbfeh;fei''ayish-white ; a few' darker 

scales in th0''n3;iddfe mid- 
tarsi and hind tihi® and tarsi wi^^ Pore-wing ; basal 

® Semper, Heisen anf den PliiL, Die Seibioji. d. BML Ineeln (1892), 6, 486. 
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area grajisli-white^. I'eaehiiig at the inner uiargin from tlio base to lower 
outer angle, then from the angle an oblique irregular line to tlie middle 
of costa. A large;, irregular triangular suffused dark brown spot al; ilie 
base and upper angle of the wing along tlxe costa. Ouicr arcja, of tlm 
wing suffused brown, a largo wdiite apical and a smaller^ indistiiu^i sub- 
apical spot. Below tbe a])ieal spot another dark brown oue,; ira,(‘(‘s of 
indistinct dark brown and wdiitisli, subiuarginaf, zigzag lim^s. (b!ia at 
the apex -whitisli, tlion pale brown with (hirkor spots, and again at ilu^ 
inner margin whitish, llind-wing fuscous, especially near outer nuirgin, 
with an indistinct postmeclial and vsubmarginal baud. A small, iihh^scmd 
streak along the inner margin, dolor of the cilia the same as on L'ore-wing 
but lighter. Below; fore-wing^ suffused fuscous with traces of a post- 
medial and subinarginal hand ; hind-wing witli a dark spot al. ilu^ end of 
the cell and the postmedial and subinarginal bands nu>i‘c distinct as 
above. 

6; collar more ochraceous,, thorax with dark, grayish-lirown hairs. 
Pore-wing; the brown basal spot not so dark as in i.bo female, wii.h a, 
whitish marking inside of it and its outer edges c'oniinvuMl wdl.li a 
saffused, dark brown, irregular^ aixtemedial band, lllie white a:r<3a vc^ry 
much suffused with traces of brownish spots. The wliite, apical and da rk 
brown,, subapical spots prominent. 

Only the male of this species is new. 

Length of wing;, c? : 15 millimeters. 

Length of wing, ?: 15,5 millimeters, 

Manila^ P. I. 

Time of capture: August, 1904. (Charles S. Banks and Bov. Hoberi 
Brown, S. J., collectors.) 

Type c?> No. 5711, in Entomological Collection, Bureau of fScieiici^. 

;;Maniiay P. L. , , ^ 

v';' (1B52), Hb 312. 

Remigia Intextilia sp. uov. (lU. I, iig, 8.) 

c?, head, thorax and abdomen gray-brown, som,(3 dark spcdvjc^s ni l.hc, 
tegulcC. General color of the wings liglii gray-brown; forc^-wing with 
2 dark spots in the cell and a large prominent one at i:he (*nd of it,. 
Three very indistinct, dark, antemedial zigzag lines and a imalial lifu‘ fi'om 
below the cell to the inner margin. A broad, irregulai', slate-gray, post- 
medial band from the apex reaching the inner margin before the angle. 
An indistinct, white marking at the apex and a subinarginal. series of 
dark specks. Hind-wing with distinct, antemedial band, nearly straight, 
suffused, indistinct, medial bands which are combined with tbe irregular, 
postmedial band. Some blackish specks at the medial line and a seric^s 
of submarginal specks as on the fore-wing. The hair fringe at the 

hr. InxL, Moths '(]B92).j 2, 52T, Bee. HI (Eemigia). 
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inner margin pale. On botli wings a fiiiLg pale, marginal line. Under 
side of tlie wings, tlie markings are nio]*e distinct: fore-wing with a 
Idack spot in the cell and one at the end of it, A distinct medial line and 
postmedial band. Hind-wing with a dark spot near the base, an ante- 
medial, distinct medial and a ])ostmedial, zigzag line. The area between 
mc'dial and postmedial lines is darker, forming a band. 

Length of wing, c? : 24 millimeters. 

Lcmgtli of wing, 2: unknown. 

Manila, P. I. 

Time of capture: JDeceiiiber, 1905. (Charles 8. Banks, (-ollector.) 

Type d, Ho. 4S08, in Entomological C^ollection, Bureau of Science. 
Manila, P. I. 

CRUSISETA gen. nov. 

c?, palpi with the second joint thickened and reaching vertex of head, 
the third short and ])lunt ; anteniun bipeetinated, the pectinations short. 
Thorax clothed with long hairs. Abdomen slender, dorsally with hair 
tufts to fourth segment, then smoothly scaled and an anal tuft of moderate 
length. Pore and mid femur and tibia hairy, hind tibia and tarsi with 
very long tufts of hair. Mid and hind tilhae with .spines. Pore-wing; 
costa nearly straight, slightly curved towards apex ; apex slightly angled, 
outer margin slightly curved, on the inner margin near the base a 
moderate tuft of erect hair scales. Hind-wing with apex slightly rounded, 
inner margin fringed with long liair. 

Type: 0. lasipuncta. 

In classification I place this new genus after the genus Crithote/ 
Wlk. Jour. Linn. Soe. (1864), 7, 182. 

Crusiseta basipuncta sp. nov. (PI. I, fig. 9.) 

Palpi dark lirowii ; head, collar and anterior half of thorax dark brown, 
(biauging to fuscous on the metathorax. Abdomen fuscous. Legs, except 
the tarsi, dark brown. Fore-wing with, a straight, antemedial, yellowisli 
line, oblicpie f-roin the inner margin near the. base to siibcosta. Base ami 
area along the costa purple-gray. A distinct, dark brown spot near the 
])ase and upper angle of ihe wing* Outer area dark brown, growing 
ligliter towards the outer margin, which is purplish-gray. The tuft of 
hair scales at the inner margin dark brown. Hind-wing fuscous. 

Length of wing, <S : 16 millimeters. 

Lengtir of wing, 2 : unknown. 

/Manila, 'P.;!., 

'4, 'Time ' of 4 August, i90'&.v, '{Charles S. B^hks, eolleetoiA) 

''' 'Type., d, Ho. . 39S4,, 'in' 'Pntnm^iogicM'/'Cdli Bureau ^ of ^ Peience, 

ifamia,/.,B. X,; ''"hV' ' , , /k' ■ , ^ 

U/\k' ; 'k4FXanipSon:'/Fanha/oiBrii3id.ifpMotHs,t4.8944, 2, 541. ’ 
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GEOMETlilD.45. 

BOARMllsryR. 

MiLIONIA, VVIk., Cat (1854), 2, m. 

Mil ion ia pretiosa sp. nov. (IM. J, %. 10.) 

2^ palpi and front, pale In’own, ^lioi with light hhu', ilu' sidcis ol lu‘nd 
wliitisli. Collar, thorax^ abdomen and logs pale brown. A iriangnlfir, 
ochraceous spot at base of tliora.x; collar, tegulae, and ('oxae being 
especially shot with light bine. Fore-wing light (K'hei'ous, iho apic'al half 
to lower angle oE the wing, dark brown. An interrupted medial band 
from costa reacliing the inner margin before tlie anghn At ilu^ bas(‘ of 
wing an irregular spot, also dark inown. IFind-Aring oranges, a large*, 
pale brown spot between costa and vein, wbicb is cov(u*ed l)y fortvwing. 
Another large dark brown s])ot between veins J1 and \^; at; (lu* oii((*r 
margin beginning on the upper angle a large, irregular spot ; threu^ round 
spots also along the outer margin at veins III, IV and V ; tht*. last om* 
being the largest. There are some traces of pale, brownish, spots along 
the veins next to the inner margin. 

Length of wing, ? : ^5 millimeters. 

Length of wing, c?: unknown. 

Manila, P. L 

Time of capture: July, 1905. (Alice and. Fritz Worct^sim*, ca)l- 
lectors.) 

Type 2, No. 3591, in Entomological Collection, .Bureau of 
Manila, P. L 

PYRALIDJ2. 

SOHOnKOBIINiB. 

SCIRPOPHAQA, Treitedike, Bchmetterl Bur. (18S2), 0, h 


Scirpophaga Virginia sp. nov, 

'Head, thorax, rear'c^dg'es of abdomen, anal tufl\ and 'wings snow-white. 
The under side of the fore-wings, in the male sex, except tbn cilia, is 
grayish, as are fore-legs, and in both s^es the mid tibiae with gray spots. 
' V Length of wing, <7: 7.5 millimeters. 

• " Length of wing, 2: 8.5 millimeters. 

Manila, P. L ^ , 

, .Time of capture: September and October, 1905. (G, L. Aranet% eoL 


4351, ^ ‘ CJolU‘ction, 
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Pyealin^e. 

VITESSA, Moore, Lep., E. J. 0. (1858), 299. 

Vitessa sp lend id a sp. iiov. (PL I, fig. 11.) 

lieacl yellow, third joint of palpi gray; collar and tegiihe dark, 
metallic-gray^ bordered by yellow. Thorax yellow, growing lighter to- 
wards inetathorax ; at the middle of thorax two confluent spots of which 
the posterior one is the smaller. Abdominal segments banded dark gray 
and white; anal tiift orange-yellow. Legs gray, fore-cox^e yellowish, 
middle cox® and middle and hind femora white below. Hind tibim 
banded with white. Pore-wing dark, metallic-gray. A yellowish, basal, 
subtriangular spot wdth the basal edge excised circularly. The spot 
extending from costa nearly to posterior margin and having its outer side 
parallel with the bases of 2 white, subtriangular, antemedial spots, the 
lower of which is the larger. Two postmedial, wliite spots, one sub- 
triangular and subcostal, the other trifid ^ and subtriangular. The outer 
third of the wing longitudinally striated with a series of ten nearly 
parallel, whitish lines. Hind-wing white ; outer half and a stripe along 
the costa dark, violet-gray. Cilia white. 

Length of wing, S : 31 millinietei's. 

Length of wing, c? : unknown. 

Maao, ISTegros Occidental, P. I. 

Time of capture: November, 1903. (Charles S. Banks, collector.) 

Type S; No. 4-567, in Entomological Collection, Bureau of Science, 
Manila, P. I. 

This species is nearly related to Vitessa suracleva, Moore, Lep., E. I. C. 
P. 399, PL VII, fig. 7. 

PYKATJSTINnS. 

PYRAUSTA, Sehrank, Faiina Boica (1812), 2, 163. 

PYRAUSTA, Hampsoixi Fauna of Br. TncL, Moths, (1896), 4, 429. 

Py rausta vastatrlx sp. nov. (PL I, fig. 12.) 

?, palpi dark ochraceous, white below. Thorax and abdomen oehra- 
ceouB, the last abdominal segments lighter. Pore-wing, ochraceous yellow 
with a reddish-oehraceous, excurved, antemedial, and a prominent post- 
medial zigzag line. A small speck in the cell and another at the diseoeel- 
lular, extending towards the postmedial line. The marginal and costal 
areas also reddish-ochraceous. Hind-wing pale, darker towards outer 
margin. A fine, broWmSp lin^ at the outer margin. The, fore-wing of 
the male, somey^hat, darker, Aspciaily^'th^ ^ante-, and , post- 

medial, Jitnes,, suffused;^red,diii''o(iraceP^^ yk; y-: : ,y , 

pIOBet 'toother. 
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Lengtli of wing, ? : 15.5 niiliiinetens. 

Lengtli of wing, c? : 11.5 iiiillimeters. 

Manila, P. I. 

Time of capture: Marcli, li)01-. (('harlci^ S. I^auks mul W. SiTiilIztc 
collectors.) 

Tvpe; c? and No. 13()e5, in Entomological ( *olI(H*iioi], Bunaui of 
Science, Majula, P. I. 

TliivS species is very a])UiK]ant in tlie vicinity of Manila, tlu^ (adcrjiillar 
living in corn. 

Pyrausta matuta sp. nov, (PL 1, lig. 13.) 

2, palpi brown, wJute below; collar, thorax and abdoimm, ycTowisli. 
rear margin of abdominal segments whitish. Ihano-al cooler of wings 
yellow. Pore-wing witli a dark oehraceous antemedial, and a medial line, 
exciuTed in the middle and below ilie cell enlarged to a spot, Ihvo 
postmedial lines of wliieh the one next tbe outer margin is mudi ex(airv(*d 
and rails together with tlie inner one at tlio inner. margin. All these lint^s 
are very prominent. At the middle oJ; tlie eosta a small, brown siircjak. 
Hind- wing with a medial line, which is enlarged to a, spot below tlie (haII. 
Two postmedial lines, tlie inner one neaidy parallel to the medial line; ih(‘ 
outer onq much, exciirved, meeting the inner one near the hind margin. 
Both wings with a strongly marked, brownish line at the liase of (dlim 
which are oehraceous. Wings below lighter. Pore femur and iiliia light 
brown, first joint of tarsus light brown with the basc^ and apex white. 
Mid femur light brown, all other parts, including hind legs, 3 niUowislj 
wliite. 

Lengtli of wing, 2 ; 13.5 millimeters. 

Length of wing, c? : 10.5 milliineters. 

, Manila, P. I. 

Time of capture: November, 1905. (P. (h Woolley and (L Im Ani- 

nota, collectors.) 

Type c? and 2, No, 4665, in Kntoinological Colloetion, Bureau of 
Science, Manila, P, I., 


, TINEIDiE, . 

Psecadia delicata sp. nov. (PI. I, fig. 

_ antenna gray with a bl,aok spot at the base. Head, iiiorax and 
very light gray; pklpi, the third joint black banded. Two 

^the anterior part oi the^ tegula 
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15 black o! wliieli o arc near the base: 2 next and parallel to the 

outer margin, the otherB being Rcattered irregulailv over the fliscal area 
of the ^ving. Hind-Aving darker gray, with the cdlia lighter, cBpeeially on 
the inner margin. Under side of wings dark, smoky gray. 

Length of wing, c?; 8.5 millimeters. 

Length of wing, ?: unknown, 

Manila, ?. T. 

Time of capture: August, 1005. (Charles S. Banks, collector.) 

Type ok No. 4186, in Entomological Collection, Bureau of Science, 
Manila, P. L ^ ' 




ILLUSTRATIONS. 


PLATE I. 

Fig. 1. Elymmas palmifolia Sehultze (J. 

2 a-d. Adiwoa iomcntom Sclmltze (J, J and cocoons with pupal skin. 

3. Eiiohromia elegantisshna var. cliff usihelvola Scluiltze 

4. Squamicapilla aretmia Sehultze 

5. PericalUa integrn Sehultze J. 

C. Deilemera 'browni Sehultze 

7. Geryso maegregori Sehultze J. 

8. Rewigia intecstilia Sehultze (^. 

9. Orusiseta hasipmicta Sehultze c?. 

10. MUionia pretiosa Sehultze 

11. Vilessa iiplendida> Sehultze 

12. Pyrausia va^iatrix Sehultze 

13. Pymusla matnia Sehultze 5- 

14. PseemUa delicata Sehultze cJ. 
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a nibbei'-liko substance was coagulated from the solution wlnni it was 
heated with a little dilute acid. Tlic arrow poison gives a. very slight 
precipitate with Maye/s solutiojg but an abundant otk^ with phosplne 
molybdie acid. These reaciioJis indicated the prescnu'c of a, glin-oside 
rather than of an alkaloid, Avhi(di, suspifdon wjis sirenglheiuul by ih(‘ 
i^eductioii of Folding’s solution by arrow poison whi(*.b had Ikmuj boihHl 
with dilute acids, ddie milky sap was extracted wiUi l)oiling licn^ol for 
two days. The extract Avas evaporated to dryntiss and th(‘ rtvsidiit' treated 
Avith boiling water. Basie lead aceta,io was added to apiuums sohn 
tion, it was tlien filtered and the excess of lead wa,s nnnovial from tlH‘ 
filtrate by hydrogen sulphide. Tlie filtrate was lunitrali^tMl with eal- 
ciuni hydroxide and evaporated to dryness, tlie residue bcung txtraettui 
with hot alcoholj from whicli on (jooling a sinail amount of subslaiUM' 
separated in the form of snialb crystallimn pearly plates, ddn^se e-rystaJs 
give an intense; golden-yellow A'olor with, coneeuiniied sulpluirit* ae.id 
containing a trace of ferric chloride; which soon passes iulo a ycdlowish- 
red color. The lethal dose of these crystals in guinea (hgs \xm found 
to be 0.00003 to 0.00005 gram per 100 grams of animal. As these 
reactions correspond very closely with those of the glucoside auliarifi 
from Afhtiaris toxicara it was immediately suspected ihai the arrow 
poison was from this tree; but as this tree had never been found in the 
Islands; a Filipino was sent to this part of Mindoro to obtain niorf* of tlu^ 
poison together with botanical material. A ([uantity of iJiis as well 
as of the bark was procured; but no more of the poisonous sap, ’’riuj 
tree was positively identified as Antiaris bxicam Liclien; id(mtieal witli 
the famous poison Upas tree of Java. The bark of the ti’cci is (|uit.e 
fibrous and, the extract, after being boiled witli dilute acids, liaa a pc'cmliar 
and very distinctive odor like that of , the sap when treated in tlie. same 
manner. Six hundred grams of finely ground bark were boiled with 
^ater for twelve hours, the whole wavS then filtered, the adlmring licpiid 
prgB$ed;Ogt and the; solution evaporated to 1 kilo. It was now treatiul 


bv' with' basic 'lead acetate, etc.^ aa in. the former procedure witli the sap of 
the tree and thus a small amount of crystalline material wm obtaimxl 
which Vith concentrated sulphuric aeldyeotitaining ,a Itaco of 'ferric 
chlorijie gave a golden-yellow color, later passing 'into red '(Kil'iwd)'* 
With one cubic centimeter of 3 per cent sodium carbonate solution .to 
: which three;4^dps of a concentrated solution of picric acid had lieeu added 

' color which on continued heating became 

,The, bark .also gives this last 
[lo obtain an idea of tiie quantity of autiarin in tlie 
of j&Mly ^vid^ bark wire nitected hot with 

‘6dnccntraled to 
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100 cubic centimeters. Tliis extract was injected intraperitonealh^ into 
guinea pigs witli the following results: 


Number. 

Weigrht of 
guinea 
pig. 

Extract. 

Extract 
per 100 
gram.s 
guinea 
pig. 

Remarks. 

1 

Grams. 

570 

ec. 

5.8 

cc. 

1 

Dead in 1 hour. 

2 

570 

2.1 fi 

.5 

Dead in 20 hours. 

8 __.. 

155 

.40 

.25 

Dead in 8 hours. 

4_._. 

160 

.40 

.25 

Dead in 8 hours. 

5 

650 

1.3 

.20 : 

Dead in 30 hours. 

6 

440 

.90 

.20 

Dead in 27 hours. 

7 

205 

.40 

.20 

Dead in 3 hours. 

8 

520 

.70 

.12 

Survived. 

9 

720 

.50 

.12 

Do. 


Guinea pigs 8 and 9 showed almost no effects from the injection, 
while all the others developed violent s^miptoins soon after dose was 
given. 

These experiments indicate that in 100 grams of bark there is 0.025 
gram antiarin, as against 3.2 per cent of the glncoside found in the sap 
of the tree, if we can judge from the physiological experiments. The 
minimimi fatal dose of this arrow-poison sap wms 0.00156 cubic centi- 
meter for 100 grams of animal, the calculation being based on a minimum 
fatal dose of antiarin of 0.00005 gram per 100 grams of animal. 

The symptoms of antiarin poisoning have been well described by 
Seligmann.- The Antiaris sap loses its poisonous properties on boiling 
with dilute acids, being split up into a sugar called by Kiliam ^ antiarose 
and an indifferent body, antiarol, which seems to be identical with 
tetraoxybenzol trimethylether.^ Many animals poisoned with antiarin 
were watched for twentj^-four hours, but none recovered, as is often the 
case with curare arrow poisoning. 

Other poisoned arrows have been obtained by members of this Bureau 
from the Tagbanuas at San Antonio Bay near the south end of Palawan. 
These arrows are used in blow guns and are 32 to 33 centimeters in 
length, being made of bamboo. Some of the arrows obtained have bone 
barbs fastened on the bamboo shaft with hemp fiber. All have a f)itli 
top to fit into the cane blow gun. The barb as a rule is 6 centimeters, 
the shaft 26 centimeters long and 3 tO' 3.5 millimeters in diameter. 
The poison is placed on the barb and shaft for a distance usually of 
about 5 centimeters and the amount of poison bn each arrow is from 0.2 
to 0.5 gram* This arrow |)oison ha^ a i rubber and it 
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resembles in this respect the dried sap of AjitiarlH Imicwni: the solution 
boiled with dilute acdds gives the same peculiar and cliaracterisi odor 
obtained from the antiaris sap under the same (conditions. 1 was noi- 
able to isolate any antiarin from the small amount of mainrial avaihibh*, 
blit could obtain color reactions whicli correspond with those from antiarin 
and also with those of the alkaloids of dila bark. It is proliabh' ilud., 
if the alkaloids of diia bark are present, they are an uninpiortant I'on- 
stitnent of the poison. The jdiysiological action of this poison rimiinds 
me very nmch of that shown by antiarin as is evidtmt'ed by tlie foi lowing: 

Guinea pig, weight 450 grams, 0.0();3 gram arrow poison inseriial sub™ 
ciitaneously. In two minutes there is an excitement stage of tlu^ aclh.)n ; 
in four, a marked decrease in the rate of respiration is noted a.nd ilie 
breathing labored. This stage is very rapidly followed by ('onviilsive 
spasms and lack of nmscnlar coordination. Tbes(^ conviilsi,v(i spasms of 
the diaphragm and abdominal mnscles last each about one second. d,^his 
condition is soon followed l>y general convulsions, retj*a(d;ion of the liead 
and extension of the fore and hind legs, the muscles Ixnng rigid for 
from 1 to 5 seconds. Each contraction of the muscles is explosive in 
character. Breathing becomes more and more difficiult, i.lie pupils a;r(^ 
dilated, and the animal dies apparently of asphyxia. Eor sevm’al minutes 
after breathing lias stopped there are musitular twitidlings und inegiilar 
contractions of the heart, whicli iinally stops in diastole. Death o(.i(uirs 
in 8 minutes. There is no local irritation at the point of inoculation. 

This experiment is typical of many others made on this powcudiii 
poison. It was found that 0.001 gram of the arrow poison will kill 500 
grams of animal in 30 minutes, so that there is sufficient poison on on(> 
of these small arroAvs to kill from 100 to 250 kilograms of animal in 
half an hour. 


Other animal poisons ih the Philippines are prepared from feririerii^ed 
pineapple leaves, from Simasia Afnori Blanco, from lMphop(rialmu 
ioxicum Loher and from Strophanthm Oumingii DO. These have not, 
yet been investigated. 


One case of ]30iS'oning from Dolores, Abra, came to thiS' laboratory 
in which the poison need, a pounded fibrous bark, was identified as that 
of A7iUarL% showing that the tfete is probably not local to Miudoro and 
will doubtless be found in other parts of the Archipelago. 

; M, . . u' ' A ' ' Eaimond P. Baock. ' 

and .drug inspection. , ' . . 
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Tnsulai* (Collector ot Customs, the Director of Health, and the Col- 
lector of Internal Kevenne are authorized to make uniform rules and 
j’egidatious subject to tlie approval of the Secretary of the Interior of 
the Plrilippine Islands for the enforcement of the law, and the Bureau of 
Science is directed to carry on all examinations of samples submitted by 
the three officials in wlioin the active enforcement of the law rests. The 
work of actively enforcing the law was commenced in tlie month of 
August, 190?, by the inspection of foods and drugs passing through the 
cListom-liouse of the port of Manila. Later, the collection of samples was 
extended to other ports of entry of the Philippine Islands. During the 
first six months of the enforcement of the law, August, 190?, to Feb- 
ruary, 1908, over four hundred samples of foods and drugs were examined 
by this Bureau. These samples will be segregated into their respective 
classes and the analyses summarized from time to time. The butters, 
cheeses, and hams are represented as follows : 

Butters . — N umber of samples, 30 : Australia, 14 ; Denmark, 3 ; Prance, 
2; Germany, 2; Holland, 8; United States, 1. The analyses showed 9 
to ].)e imitations, 12 to contain a boron compound, and 9 legal. 

Cheeses. — Number of samples, 24; England, 1; France, 3; Germany, 
2; Holland, 15 ; Switzerland, 2 ; native, 1. The classes represented are 
Brie, cottage, Gruyere, Limburger, Eoquefort, Stilton and the Dutch 
varieties. The analyses showed that 10 samples were not according to 
the standards and were probably made from skimmed milk. Fourteen 
were found to be legal. 

Hams. — Number of samples, 30 : Australia, 1 ; China, 3 ; England, 
1? ; Japan, 1; United States, 8. The analyses showed 26 to contain 
nitrates and ? a compound of boron. 

H. D. Gibbs. 

PURIFICATION OF COCONUT OIL. 

(Jocoiiut oil, 4 is it is expressed from sun or grilled dried copra, always 
contains a quantity of impurities — organic coloring matter, albuminoid 
bodies and a certain characteristic odor, all of which are objectionable 
for particular purposes for which the oil is otherwise well suited. Wliile 
it is entirely possible to produce -a pure oil directly from the nuts if 
special precaution in curing them is taken, the demand for highly refined 
oil does hot seem to ivarrant the introduction of modern mechanical 
methods of desiccation at the, pre^ni; time, hence the numerous patents 
which are taken out from time to time and the frequent notices in the 
literature of new or improved processes for the prbductiaii of pure coconut 
oil, refer, to some subsequent chemical treatment of the commercially 
expressed oil itself. Clarification by . filtration, subsidence or heating 
with or without the ooa^lants is simple and economical of 

'i ' ’ if- ’ ‘\ \ \ ' 'A' ' ' '' 
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application ani!^ as general!}' practiced, reino\’es all of the suspended 
foreign matte]* and most of the soluble inij)nrities, produciiig a perfeetly 
clear, liglit, amber oil of snlFicienl. ])uritv for soap si.cK'k, but ii^ lulls sboi’l. 
of being completely free from odor and ('olor. Idiercdore, lurlJuu* i*(dining 
constitutes the only kjiown memis ol producing an odorless and colorh^ss 
product suitable for alimental or cosmetic purj,)oses. The removal of ilu^ 
last traces of odor and color from coconut oil presents many (liiric.ulti(\s 
in the way of siibsequont clariticaiion and risk of loss of oil and the 
methods of procedure are necessarily limited to the us('. of such che.mu'al 
reagents as are harmless or are easily imjioved. In geiuu*a], ndining proi*- 
esses may be conveniently divided into (1) acid and (2) alkaline treah 
inents, the fonner has not proved applicable for ilie production of oils 
for edible, cosmetic or lubricating purposes, bec-ause of ilie poisonous 
nature and otheinvise harmful action of mineral acids. T]w. alkarni(‘ 
process makes use of the hydrates or carbonates of the fixed aJkalies, 
ammonia, caustic lime or magnesia, with or without the aid of iieat. 
efficiency of an alkaline treatment depends upon incomphite sa])oni(i(aition, 
whereby the free, volatile, fatty acids, Avhich are responsible to a la,rge 
measure for the characteristic odor of coconut oil, are first neutralized and 
precipitated as a salt of whichever alkaJi is employed. If the alkali be 
added in excess of the amount necessary to neutralize the free acids and 
the oil is steamed or otherwise heated, then the neutral glycerides — f,ha-t 
is, the oil itself — suffers partial decomposition and goes to augment 
the amount of soaps formed. Therefore, unless any alkaline treatment 
of a vegetable oil is carefully regulated, both as regards the amount of 
alkali used and the temperature employed, low yields of ))uri:fied oil 
obtained. All of the residues or ‘ifoots’'" go to form soap stock, lienee the 
advisability is apparent of employing tins })i*ocess in conjunction with a, 
market for the h 3 ^-produci The main points to .noi;e in connoction witli 
refining by means of alkalies are, first, tfie nrinimnrn quantity of alkali 
necessary to effect the purification and, second, tlie right conciuitraikin 
of caustic lye which is unfavorable to the fonnation of emulsions* The 
minihium quantity of alkali can he determined accurately by testing tlic 
acidity of a small sample of the oil to he refined, or by tlie cut and 
dried methods of practical experience. 


. Ordinary commercial grades of coconut oil coltecl;cd on tlie Manila 
market contain from 1 to 10 per, cent of free fatty acids calculated as 
oleic acid, and these percentages require approximately 0,15 to 1.5 parts, 
respectively, of CatiStie soda per 100 parts of oil. The caustic soda may 
be added to the oil either in the solid state with subsequent addition of 
water^ or better, in the form of a caustic liquor previously prepared. 
The stronger the caustic liquor 'used the less the tendency to emulsion 
fomatioh and the, more rapid' and complete the action, if proper 

Strong lye with the oil are'' 

U. 
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used. If, after the adcUtioji of the caustic- the oil is gTadually heated 
to tlio hoiling point of water, the soap separates in a granular condition 
and is easily removed l)y filtration or subsidence. The oil may now l)e 
sleamed and waslied with hot water until it is perfectly clear and neutral, 
and if tlie above treatment Avitli caustic licpior and the subsequent 
steaming are properly conducted, the resulting oil will be found per- 
fectly free from the well defined odor of the original oil and to possess 
the bland, fatty odor of pure melted lard. 

Coconut oil is also considerably lightened in color by the above treat- 
ment, but in no sense can it be considered as a colorless oil. To xTinove 
tlie last traces of coloring matter from a vegetable oil is much more 
ditliciilt than tlie destruction of the rancid odor, and in order to 
accomplish this completely it is necessary to snliject the refined oil to 
some mild Ideacliing action which does not introduce harmful ingTedients 
which would l)e difficult of subsequent removal. Of the many well- 
known methods of bleaching proposed for general use, hydrogen peroxide 
seems to be most favorable in this regard as it ivS easy of application 
and at its present price is not prohibitive. Sufficient dilute alkali should 
be added to neutralize any mineral acid it may contain and a slight excess 
favors the action of this reagent, at the same time having no saponifying 
action. iSText in order of suitability is a dilute solution of chloride of 
lime slightly acidified with acetic acid. If the addition of acid and the 
temperature of the bleaching are carefully controlled, the chance of 
injury to the oil by free chlorine is a minimum and the result is a pure, 
water-white product. 


George F. Eighmonb. 
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PHILIPPINE TERPENES AND ESSENTIAL OILS, 1. 


By Raicmond F. Bacom. 

{From Uio LUtcmicdl Division, Bureau of Hcicncc, Manila, P. 1.) 


lOTBODUOTION. 

The PJiilip[)ines, like all tropical countries, are very rieli in plants 
producing resins, ter])enes and essential oils, and this laboratory has been 
engaged in studying certain of these for the past three years; The 
identification of the various products from Manila aJunii and a study of 
tlie pliysieal coinstants of tlie terpeiies derived therefrom have already been 
reported on by Cdover ^ who has also recorded a few notes on resins 
containing ses(|uiter])enes.- It was shown l)y CUover that Manila elemi 
on distillation yields 15 to 20 per cent of terpenes, and that by selecting 
rt>sins fr(.>in individual trees it was possible to obtain a supply of these 
in a i)ure state, iliose most fi’e(|uently found ])eing d-limonene and d- 
pliellandreno. The i-esin remaining after the terpene is distilled off is 
a dark, amber eoIor<Ml, semisolid product, readily so]ul)le in organic sol- 
vents, and ex])eriments show beyond doubt that it would be a satisfac- 
tory raw material for preparing varnishes. TJie volatile oils derived from 
Manila (dunii are valuable for many purposes for which ordinary turpen- 
tine is used. However, it was thought that chemical studies on these 
terpenes might develop moi’o valuable uses to which , they could be 
applied, apart from the large scientific interest which their study pos- 
sesses; thus a broader applicability of these oils might result and the 
whole Philippine resin industry be advanced. 

This Journ., Btc, A., Oan. Bai. ( 1907 ), 2 , 1 . 

1, 191. A large amount of ; eacperimental material lias since been 
aecumulatecrby.tbis Bureau on; tbe,' subject of some of the native resins. ' . 
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The terpeiios present a difficult field for invevSti.j:’'aiiou. iisiinl. 

methods of organic s,ynthcsis oEien fail in working witli ilnmi and gon(‘ra] 
methods of passing from one class oE eoinponnds io another are not only 
not well developed, but they frerjiiently fail oven wiili ih(‘ gmaiest pnaoM.m 
tions. The terpenes, being, ]iydrocy(die bodies, pariially nnsai iiraital, are 
veiy sensitive to reactions wliich would ])resont (-oiidii iojis wlun't^ poly- 
merization is possible, while oxidation and niany otlun* i‘(‘a(dions ollon 
involve their complete destruction or the forniation of nonc.rystalliiu^ 
derivatives and smears* hfeverihcloss, it a])pears as it a,n intimate (mui- 
neetion between the tcrpenes and the essential oils ami perfunu^ substa,iu!es, 
as well as between them and the pdant alkaloids exists structurally, ajid 
therefore the investigation of syntlietic methods among the ic‘r{')e^u^s he- 
comes of vital importance. The gi'eat need is to (lis(iovoi* me! hods g(m- 
eraily applicable of passing smoothly from tln^ tiu’jxmes in tlum* deriva.- 
tmes and tlie means of obtaining (he latter in the pure siat(c dMic* (hag- 
Hard reaction, which in the last few years lias develojXMl so many otinu’ 
fields of organic ehemistr}^ naturally suggests itself, for tlu^ bydrogem 
halides of the terpenes are in almost all eases compounds easily pi'c^partHl. 
It was therefore decided in this laboratory to take up the study of ilui 
G-rignard reaction in its a,p])lication to the torpene sevrites and although 
the work is not by any means completed, the j-csults ohtaiiiod seem to he so 
promising that it was deemed advisable to publisli this pi’climinai’y noii('e 
so as to reserve the field. 

It has definitely been proved that lioionono Ivydrochloride i*ea,ci.s wiilt 
magnesium in the presence of absolute ether to form a magnesiuimha logon 
compound, and that the latter, when decomposed by waixvr, givers a, liydro- 
carbon CioHig, this takes up hydrogen cliloridc iu ilu^ cjold and, aft(U* 
the action of magnesium and then of watei', gives GioIIlMr i‘i‘a<ti.ion of 
benzaldehyclc on the mixed compound of ethyl otlu'.r and magmssium 
hydro-iimonene chloride is extraordinary; the oarbinol wliidh is to ho ex- 
pected, is not formed, but instead the IxMizahkdiyde bc1iav(*s im it it <'on* 
tained hydroxyl, decomposing the Grignard body in the same manner 
as water or an alcohol would. It is at first ihonglii very surprising tlnit 
benzaldehyde should be capable of reacting as if it posBosscul a (auimiundi^ 

’ 'C U ' 

fonn However, Freer ’' eliowed sottui years ago that aldehydes 


react witli Bodiiim as if they contamod hydroxyl groups, and ISTof * and 
his students have recently proved that aldehydes, in many eases, do assume 
|h0;enpl;^drm: before, reacting, so- that an equilibriinn between onol and 
keto structure is to be expected in these bodies. It is more difficult to 
believe in such a structure in the case of henzaldohyde, in which body, if 
we refer to pnr ordinary conceptions of organic chemistry/ we will need 
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to assume tliat a minute trace of the methylene derivative is ahvays 
2 ) resent. HoAvever that Pi ay be^ it is a fact that all substances callable 
of assuming the enol and keto ty^oes resiieetively net with the Orignard 
reagent so far as tliey liavc been studied^ as if eoiu^'^osed of the former, 
thus, acetoaeetic ester, urea, thiourea and the amides, etc., all behave 
to-ward allgyl magnesium Iialides as if they contained liydroxyl groups. 

mXJ’ERXMENTUL. 

The action upon magnesium of limonene hydrochloride dissolved in 
absolute ether, is not vigorous, or even fairly coinielete unless certain rigid 
conditions are met, but if tliese are adhei’ed'to the reaction takes jilace 
smoothly and very rapidly to practical completion. Many experiments 
were undertaken to obtain the liest conditions. The limonene hydro- 
ehloride must be as ]>ure as ixossible and in most of my exjierinients it was 
twice refractioned in vacuo; tlie ether also must be very pure and ab- 
solutely dry. The best results were obtained by the usual procedure of 
removing all soluble impurities by shaking with small portions of water, 
then diying the reagent over calcium chloride, distilling from sodium wire 
and finally keeping the ether over sodium wire in a bottle protected hy 
a tube filled with soda lime. The Grignard bod}’ which is j>i’oduced 
absorbs oxygen very rapidly, and so in most instances my reactions were 
coiidueted in an atmosphere of dry liydrogen. It is desirable to have the 
magnesium as })ure as possible, although satisfactory results may be Ob'- 
tamed with magnesium which is not strictly so if it is properly treated 
beforehand. The persistency with which limonene hydrochloride refuses 
to react unless all conditions are strictly met is shown by one experiment 
in which a mixture of limonene hydrochloride, magnesium and ether was 
placed at ordinary temperature without reaction and finally heated in 
a sealed tul)e to 120° to 1P>0° for twenty hours without any change, 

Tho following experiments gave a different result: 

Bwperimevt J . — TBo Ihnoiione was obtained from orange peel oil which was 
twice refractioned and the terpene then distilled over sodium; its boiling point 

was 174® to 170® at atmospheric pressure. Specific gravity, —-=0.8355; 

= 1.4670; A ’N-rr 1,10.7 . One hundred and fifty grams of tins iwodnet were 

dissolved in an equal volume of dry carbon bisulphide and dry hydrogen chloride 
was passed for two working days into the liquid, which was kept in a freezing 
mixture. The product was then washed with water and dilute alkali, dried over 
calcium chloride, the carbon bisulphide distilled and the product fractioned in 
vacuo* One hundred and ten grams of limonene hydrochloride of a boiling point 

30® 

of 105® to 107“ at 20 millimeters were obtamed. Speciftc gravity, ^=0.9703; 

N?~i=1.4770; A~=73.r. Tlie following was the analysis: 

• .Found ' ' Calculated fox CiaHi7Cl 

, '(per cent), (percent). 

'Cl ^ '„20a.^ ' ''20.3 „ 
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The Grigimrcl reaction was conducted in a 400 cubic ceniinuder bnuniiu' ilask, 
in an atmosphere of dry hydrogen. One hundred and fifty cubic, ('(mtifutdcrs of 
absolute ether and 7 grains of magnesinni filings wen' [Oa.ccd f.hcrtdn and ih(‘ 
reaction was begun with a few dro])s of ethyl br()mi<](‘, 45 gi'ams of liuioneiu' 
hydrochloride were then added, whereui)on the reaction (M)nl inn<Ml vignronsly ; affcr 
it was completed the product was poured oven* craclu'd and <lilntc sulphuric 
aeid carefully added. The ethereal layer was s(‘])arat(‘(l, dri(‘(l over calcium clilor 
ide, the ether distilled and the product finally fractioued in raruo wilh (he. 
following results: 

Fraction Xo. 1 : B. P. 100° to 102° at (>5 millimeters; 25 grams, chlorine fri'c. 

Fraction 2s^o. 2 : B. P. 102° to 110° at (iO millimeters; 5 grams, containing a, 
trace of chlorine. 

Fraction oSTo. 3 : The residue, in the distilling flask, 5 grams, contains a. small 
amount of chlorine. 

Fraction IsTo. 1, was redistilled over sodium at ordinary pr(‘ssure ami flnni 
yielded 23 grams of an oil boiling between 174° and 170°, with following constanf s; 

OAO OAO opo 

Specific gravity, — =0.8257 ^ ]SJ— =1.4585; A =t)0.3. 

Fractions FTos. 2 and 3 were united and fractionotl over sodium, iluvv ga.vi^ 3 
grains of an oil passing over between 180° and 210°, containing no chlorim'. 4'bc 
low boiling portion, No. 1, which posseses an etherdike otlor, was again distilhul 
at ordinary pressure in an atmosphere of carbon dio.xiile and 8 graans lh*om tlu^ 
middle portion were taken for analysis. The constants of this fraction wi're; 
XT 30 ® 

N -g“=k4505; the molecular refraction was ]M=45.5 calculated for i 5:::45.3. 

(1) 0.2420 gram substance gave 0.7720 gram C!('b and 0.2<S20 gram IIX). 

(2) 0.1021 gram substance gave 0.5100 gram CO. and 0.1!)02 gram il.O. 


C 

FI 


Found 
(per cent) . 

( 1 ) ( 2 ) 

86.99 8G.85 

12,98 13.07 


Calculated 
(per cent). 

BG.OO 88.2 

13.04 11.8 


The result leaves little doubfbiit that the hydrocarhoii has the I'ormula 
CxoHiB, hut to. assure greater certainty it was decided to convcift it iii(.(i 

the completely reduced substance, G,„H 2 o- 

This hydrocarbon Ci„Hj8, is. probably the dihydro-limoiK'tu! : 


OH, CH, 
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reduction of linionene livdmehloride with sodium and alcohol at a tem- 
perature not Jii^’lu'i* tlum lO^’. Scmmler’s dihvdro-limoneiie liad a boiling 
])oint of 17:]^" to 171:"'; speeiiic gravitv, *?D'=0.8‘29: N'r)=l*d63; Pol.= 
-j-lO, while the same liydrocarbon prepared from pliellandrene livdro- 
(lilorido l)v reduction with sodium and amy] alcohol has a boiling })oiiit 
of 171" to 17:3" ; s])eci{ic gravity, ‘3O"=0.8-39 ; Xu^l.dGOl; ?oL =+‘35. 

Ed‘iteri merit 2. — Tlie liinoiiciic was distilled from orange peel oil and had the 


30° 

following constants: .Specific gravity, = 0.8305 ; 

Af =lir.2; 2 

OAO 

= 1.4080; 

the 

30° 

hydrochloride, s])eeilie gravity, =0.0675; 

N-^=1A770; 

30° 

=00.5= 

The 

analysis gave: 


Found Calculated for CioHitCl 

(per cent) . (per cent) . 

Cl 20.20 20.3 



Fifty grains of this substance ^Yere now put through the Ctrignard reaction 
with 9 grams of magnesium and 150 cubic centimeters of dry ether in the 
apparatus used for experiment 1, the reaction being started with methyl iodide 
and iodine. There resulted 38 grains of crude oil (calculated 30.8 grams), con- 
taining only 0.(jl per cent of chlorine, so that 3 per cent of the total hydrochloride 
used had not been acted upon by the magnesium. This oil was separated into two 
fractions by careful distillation Ui vacuo with the following results : 

No. 1: B. P. 85® to 8()® at 40 millimeters, 29.2 grams containing no chlorine. 
No. 2; A residue of 7.3 grams containing chlorine. 

Number 1 possessed the peculiar, ether-like odor of the diliydroterpene and gave 

OAO qpo OAO 

tlie following coristanis: Specific gravity, -^=0.8258; N"g-=L4580; A-jg-=7S.2. 
The following was the analysis: 

0.14G8 gram substance gave 0.4074 gram CO^ and 0.1725 gram ILO. 


Found 
(per cent). 

C 80.81 

H 13.00 


Calculated for GioHus 
(per cent). 

80,00 

13.04 


Twenty-eight grams of the oil Cu.His were now diluted with an equal volume of 
carbon bisulphide, dry hydrogen chloritle passed into the mixture to saturation 
and the whole kept in ice and .salt for ten hours. The product was purified in 
the usual manuer and yielded 23 grams of an oil boiling between 110® and 115® 
at 30 millimeters pressure, 8 grams of residue remaining in the distilling flask. 

30° 30° 

The following were the constants: Bpecifle gravity, ^-=0.931; N -^- =1.4024 j 
30° 

A— -=0.8®. The analysis gave: 

Found Calculated for CwHiqCI 

(percent), (percent). 

Cl 20.4 20.3 

A gram of this oil when treated with sodium ethylate in alcohol, yielded a 
liquid of very pleasant odor, probably the corresponding ethoxy-derivative. 
Twenty grams of the chloride so produced were subjected to the Orignard reaction 
in an atmosphere of hj^drogen, 4 grams of magnesium and 60 cubic centimeters 
of ether being used, the reaction being inaugurated with a little methyl iodide, 
,it proceeded vigorously./ There , were ; obtained 14 grams of^ a chlorme-free oil 
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boiling between S0° and 83^ at 40 millimeters pressure. It was redistilled over 
sodium at ordinaiy pressure, the final yield being 12 grams of oil of a boiling 
point 17P to 174°. The product is colorless, with an etbercal odor soiuewhad 

30° 30° 30° 

resembling that of benzene. SpeciHc gravity, 0.8052, N =1.4450, A 

= 3.7. The analysis gave the following results: 

0.2037 gram substance gave 0.6397 gram CO. and 0.2602 gram .11,0. 


Found (.’alcuhittid for (tolb-o 

(pex cent) . ( per cent ) . 

C 85.64 85.72 

H 14.31 14.28 


Tins oil, dissolves slowly in concentrated sulphuric acid (s])ecii(ic g’ra,vit\' 

1.S4} without wanning or the evolution of sulphur dioxide, giving a. slightly 
reddish solution. The oil is recovered unchanged if the solution is fjnickly ireala'd 
with water, more prolonged action of sulphuric acid gives liigher boiling produt-ts 
containing sulphur. Concentrated sulphuric acid acts violently on limoneno naS 
well as on its reduction product C^His, with marked resin formation and th(‘ 
evolution of sulphur dioxide. Bromine reacts with GioH,o by substitution, with 
the evolution of hydrogen bromide. 


Sabatier and Senderson® reduced limonene with liydrogeu ;iii tlie 
presence of nickel sponge at 250° and thus oldained tetrahydrodinionoiu^, 
the i^-inetliylisopropyl-cycloliexane, CioHo;>. 

CH, OH, 

' ‘ 

OH 

! 

CH 

X'\, 

H,0 CH., 

I I 

HgC CH., 

CH 




!H.h 

TMs substance has a boiling point of 1G9° to 170° and a specific! gravif.y 

at of 0.8132. However, this hydrocarbon was probably not pure, a.s 

the, authors state, “aceompagnd d'nne petite qnantite des produits (lo 
deboublem^nt .et para dimethyl et para methyl ethyl cyclo hexane.” 
Benard ^ obtained from resin oil a hexahydrocymol boiling between 171“ 

a,id ,173° and having a specific gravity of 0.8116 at 17°. 

,: : l■p:doubt exists from the above experiments but that I have successively 
I«^d from through GioHjs to UioHag. An easy , method of 

obtammg tete and hexahydrobenzene derivatives from teipenas and 
their derivative is therefore at hand. It might be questioned that a 
raHapound of ImoneUe hydrochloride with magnesium, obtained after tbe 

(ti; ' i>, ■; ^ -V;, , '■ ; 
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usual 111 aimer of the Gri guard reactiou, is really produced in this in- 
stance^ as reactions undertaken to 2 )roduce the classes of synthetic prod- 
ucts usually fornied by working witli similar niagnesimn derivatives 
of other halides Juivc! not been successful,, but the following quant dative 
ex])e]hnents remove all doubt of the oxistciice of Biich a body. 

JEwperinient S . — Ten grains of limonene lij'drocliloride were subjected to tlie 
action of magnesium after the usual method of Grignard. The ether, containing 
the soluble magnesium addition jiroduct was then filtered in an atmosphere of 
dry hydrogen in a similar apparatus to that employed by Ereer® in his work on 
sodium acetone. The filtrate was decomposed by means of cracked ice and dilute 
acid ill the usual manner and the magnesium contained in an aliquot portion of 
the aqueous solution then determined. 

Found Calculated for Cu.His MgCi 
(percent). (percent). 

Mg 12.4 12.2 

It will be noted that a slight excess of magnesiiini was found and it 
seems probable that this is due to the few drops of methyl iodide wMcli 
must be added to start the reaction. The ethereal solution after adding 
the ice and acidifying gave 5.7 grams of CiqUis, with the usual properties. 
Another fact to l}e remembered in considering the formation of the mag- 
nesium addition product is that there is always a considerable evolution 
of heat when the latter is decomposed by water, a fact which is difficult 
to explain if it is assumed that the magnesium has simply acted on 
limonene ]i3Tlroeliloride as a reducing agent. 

It is not advisable at the present time to discuss at greater length 
which of the possible bodies of the empiric formula Grills formed 
during this reaction. The second reduction product of the formula 
C 10 H 20 always, so far, has possessed a slight optical rotation and this 
fact renders it probable that the latter has not been obtained entirely 
pure. However, the above experiments prove bej’Ond any doubt that 
limonene hydrochloride reacts with, magnesium after the normal manner 
of the Grignard reaction. 

It has been shown that alcohol or other compounds containing h3T3roxyl 
react with the products of the Grignard reaction according to the fol- 
lowing scheme: 

EOH -f E'MgX =: EOMgX -f E'H. 

The reactions with water which have been outlined gave this result. 
The next step was to study the action of aldehydes upon the product of 
the interaction of magnesium and limonene hydrochloride in the presence 
of absolute ether, and benzaldehyde was the first representative of the 
class selected. 

Experiment: 4 . — Forty grams of limoneBe hydroebloride, 10 grams of magnesuim 
and 150 cnbie centimeters of absolute etber were allowed to react in an atmospliere 

« ahem, (UeUg), (1894)^ 278, 88. 
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of drv l.ydrogea in a strong flask fitted with a meehanienl stirrer After tlie 
change was complete, 30 grams of beuzaldcliyde, dissolved m an equal volume of 
absolute ether, were added, drop by drop. The reaetiou tvas violent, taking pluee 
with a considerable evolution of heat, while at the same time, a luairly solid, 
yellowish-colored substance separated. The product wa.s now vigorou.sl.\’ stirivd 
for one hour, it was then treated in the usual manner, the ethereal layi'V being 
well .shaken out with acids and alkalies. The alkaline solution on aeidifying 
gave 2.3 grams of benzoic acid. As tlie neutral solution, after distilling i.he i-lber, 
did not readily .solidify, it was fractioned in vaaio with tlie following result; 

No. 1: B. P. 85° to 90° at 30 millimeters, 38 grams; 

No. 2: B. P. 90° to 130° at 20 millimeters, 3 grams; 

No. 3: B. P. 130° to 180° at 20 millimeters, 7 grams; 


Tar-like residue, 4 grams. 

Deeoaipositioii appeared to take place above 130° and excepting tlie. lust fi ac- 
tion, there was no iiidication of a constant boiling sn]>stance. No solid bodii^s 
could be obtained from numbers 2, 3 and 4, in ice and salt. 

Fraction number 1 was dissolved in low boiling petroleum ether and tia^jiti'd 
with an excess of phenylhydrazine.” Thirty-flve grams of benzabkdiyde pheuyl- 
hydrazone of a melting point of 154° were thus separated, this quantity cor- 
responds to 18,9 grams of benzaldehyde. The remainder of traction numbin,' 1 
consisted for the greater part of CkoHis. 

The higher boiling fractions proved tbemselves to be an insepa-rable mixture 
containing iiiucdi tar. 


As the principal products of the reaction were henzaldeliytle anti 
it iras tiioiiglit possible that the ben^^aldeliydo had. not iuiled 
upon tlie Grignard atldition product at all, but on the contrary that idle 
yellowish, nearly solid substance was produced by the action of ].)cn%aldc- 
hyde on magnesium powiler in a manner similar to the substances fonned 
by the interaction of sodium and benzaldehyde, as noted by Bec-kinann 
and Pauld*^ 

To disprove tliis assumption the action of benzaldehyde <,>ii magnesium 
was studied. 


£!a)penment 5. — Five grams of magnesium powder in absolnic ether W(*re r(‘n" 
dered active by means of iodine, and a solution of If) grams lamzahlebyde in 
absolute ether was tlien added. Ho action to(.>k place even u,ft(‘r tin? whole was 
heated on a reflux condenser for one hour. 

The folhwhng experiment clemonst rates that when benzaldehyde acd.s 
oh the product formed by tlie action of magnesium on Umonwic hydro- 
chloride it does so, in.snch a manner as at once to Hborate CmHjH, or in 
other words. Just as if benzaldehyde were an alcohol in this instaiuio. 

S^eriment 6. — Forty grams of limonene hydrochloride, 10 grains of magnesium 
aiid 150 eiiMc centimeters of absolute ether were taken. The apparatus was in 
principle like that employed by Freer in his work on, sodium acetone. A strong, 

j pk' has he^ shown in this laboratory that benzaldehyde can promptly and 
«*|%6ieftdrily te separated from its solution in petroleum ether hy phehylbydrazine. 

■{isn), 266 , ■ ' ' ' 
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Avi lie- iiioiit lied Ihisk was fitted wdtli a stopper with fiA^e holes, the latter carrying 
respectively: (1) The inlet for dry hydrogen; (2) the stirrer set in a mercury 
trap, (3) a dropping funnel, (4) the reflux condenser AA'hich Avas fitted Avitli a 
glass stopcock sealed into it, and AAdiich AA'as protected at its upper end by a 
tube of soda-lime and (5) a tube running to the bottom of the reaction flask. 
The latter had sealed onto it a funnel fitted with an asbestos filter and Avas 
connected Avith a filter flask by means of a tube and glass stopcock. The filter 
iia.sk could he cA'acuated in the usual manner. After the reaction according to 
(Irignard Avas complete, 25 grams of henzaldehyde dissolA’'ed in absolute ether, 
Avere slowly dropped into the flask. The usual, A’iolent reaction Avitli miieli 
eA^'oliition of lieat took place and tlie yelloAAush, semisolid .substance separated, tlie 
Avhole soon becoming so thick that it AA^as impossible to run the stirrer. After 
one-half hour, absolute ether to dilute AA^as added in small portions, and by closing 
the reflux and opening the filter funnel connected with a .slight A'acimm, the reac- 
tion product AA-a.s separated into two portions, one soluble and the other insoluble 
in absolute etlier; of course, care aauxs taken thoroughly to Avash the insoluble part 
with absolute ether. Both the soluble and insoluble portions AA^ere now decomposed 
by means of ice and acid in the usual manner, the etheral solutions resulting 
Avere separated, dried and the ether distilled. 

Hohi'ble portion: The aqueous .solution obtained by decomposing the .soluble 
portion contains no maffncsiuni. The neutral oil A\flien treated with an excess of 
phenylhydrazine in petroleum ether guA’e 4.1 grams of benzaldehyde phenylhydra- 
zone of a melting point of 153°. The excess of phenylhydrazine aauis removed by 
means of dilute sulphuric acid, the petroleum ether distilled and the product 
fractioned in raeuo. Tu’enty-five grains of an oil boiling betAA’een 00° and 93° at 
50 millimeters pre.ssiire Avas thus obtained. This fraction contained no chlorine, 
and after tAAm distillations oA’er sodium at ordinary pressure had the folIoAving 
properties: Boiling point, 175° to 177°, thermometer AAdiolIy in the A'apor; specific 

qno OAO oAO 

gravity, -^^=0,8250; X -^- = 1,4605; A -^=72.7°. These properties demon- 
strate it to be the same compound Cmllisj produced by the action of AA’ater on 
the body formed by magnesium and limonene. hydrochloride. The residual 7 gg'ams 
in the distilling flask contained a little chlorine and seemed to consist of the 
diterpene alAAuys obtained as a part of the product of the action of magne.siiim on 
limonene hydrochloride. 

Insohihte portion: Thirty-four grams of benzaldehyde phenylhydrazone of a 
melting point of 154° after one crystallization from ligroln were obtained by the 
usual methods from this part. 

Tliore remained (3.6 grams of a tar-like oil after remoAung the excess of phenyl- 
hydrazine and from this neither a crystalline solid nor a constant boiling 
substance could be separated. 

Experiments 1, 2, and 3 clearly tleinonstrate tliat limonene liydro- 
chloride forms a compound with inagnesiuni of the usual nature of the 
Grignard addition products, the bodj* being soluble in ether and carrying 
the theoretical anioimt of magnesium. Experiment 6 proves that benzal- 
dehyde, acting on tliis substance, forms a solid body carrying all the 
magnesium and that this solid when decomposed with water^ principally 
gives benzaldehyde^ at the same time the product SohMe in ether and free 
from niagmsitm^ contains the dihydroterpene which has been 

split off from tbe Qrigiiard body just m if water had reacted with 
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this product. Thus the principal reaction of l)en,zaklehy(1e on dihydro- 
linioneue magnesium chloride u^onld seem to be : 


Gi„Hi-MgCl+0„H,CH0= 


=OJ-Ir.OOMg(!l+(^,„M, 


(Insoluble in 
ether*) 


(Holubl(‘ in 
ether.) 


The evidence for this assumption is made stronger Hie following 


experiments : 
Experiment 


—The following quantities were taken: Ijinioneiic hy(lrochluri(i(‘, 


f>iAo 

35 grams; specific gravity, =0.9770; =54.0^ =1.47(iS ; imigmbsimn 


powder, 6 grams; absolute ether, 100 cubic centimeters. The rca.ciioii \va,s carrii^I 
on throughout as in experiment 6, 23 grams of beni^aldehjTle .tree troni lanizoit* 
acid being use^. 

Eoluhte portion: This portion contained no magnesium. Th(‘, total oil v\bxs 
20.2 grams, from which, distilled in vacuo, the following fractions were oliiad" ned: 
No. 1: B. P. 75° to 78° at 25 millimeters, 17.2 grams. 

No. 2: Residue 2.6 grams. 

The usual means of separation gave 4.5 grams of benzaldehydc pheiiylhydra.zoiu'! 
melting at 155° and 150°. The remaining oil, after the removal of the phenyl- 
hydrazine, had the following properties: Boiling point, 174° to 170°; speed tie 

OAO OAO f>AO 

gravity, |h.=:0.B248; N^-=1.4590; A -^-=37°; it was therefore C\ol-r,H. 


S’ummanj of the soluble portion , — Benzaldeliycle 2.3 grains; 
14:.! grams; residue "(diterpeneS;, etc.)^, 2.5 grams. 


Insoluhle portion: The total oil was 31 grams, containing a trace of chlorine. 
The product, distilled in vacuo, at 40 millimeters gave the following fractions: 

No. 1: B. P. 80° to 85° at 15 millimeters, 18 grams. 

No. 2: B, P. 85° to 215° at 15 millimeters, 7 grams. 

No. 3: 3J grams of residue. 

There were obtained from the above, 22.8 grams of benzaldebydc} plienylhydra- 
zone melting at 156° and a liquid with the constants: Boiling point, 175° to 170° ; 

qryo oao oao 

Specific gravity, -^-=0.8254; N ^ = 1.4590; A =30.8. There was also iso- 
lated 1.1 gram of benzoic acid. 


Summary of the insoluble jior^myK—Beiizaldeliydth 12.3 grams; 
CioHig, ^ grams; benzoic acid 1.1 grani;, and 8.5 grams of ioBcparahle, 
Mgli boiling compounds. The presence of the dihydro-litrionene is proba.- 
bly due to imperfect washing of the insoluble solid by the ether, Tim 
is readily iinderstood when the sticky nature of this body is considered. 


: 8.— This experiment was not performed in the elaborate apparatu 
we bad ebpstructed, hut instead was carried' out in a, bromine ' ilask in ^an atmbj 
phere of dry hydrogen on a water bath. 

‘Hie following quantities were taken; Limonene hydrochloride, 35 grams; ma^ 
nesimm powder, 6 grams. After the magnesium addition product had been fotmet 
2® grams of benmldehyde were added. The usual violeht ’ reaction accompanie 

toofcpUoe, the whole being, finally keate 
, Ipr Icwten which timb the ether lapidly e?ai>orai(*( 

tha^t selTent ni this olimate. Tb 
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product was covered witli fresh etiierj decomposed with ice and dilute acid in the 
usual manner and the solvent distilled, 55 grams of an oil, which was fractioned 
in vciGuo, being obtained. 

No. 1; 31. P. 70° to 100° at 15 millimeters, 28 grams. 

No. 2: B. P. 100° to 150° at 15 millimeters, 12 grams. 

No. 3: B. P. 180° to 210° at 15 millimeters (metal bath to 280°), 8 grams. 

No. 4: Tarry residue, 4.5 grams. 

Number 1 gave 14 grams of benzaldehyde phenylhydrazone and 19 grains of 
30° 30° 

CioITisj specific gravity, q- =0.8304; N~j^ =1.4040. Pive grams of benzoin melt- 
ing at 137° after recrystallization from ligroin and 1.2 grams of benzoic acid 
melting at 121° were obtained from Numbers 2 and 3. The residual 14 grams 
was a tar-like oil, which regenerated considerable quantities of benzaldehyde on 
being boiled with dilute acids. It is probaldy in greater part a mixture of 
polymers of benzaldehyde. 

It is seen from the above that benzoin^ which should be expected in 
quantity in the residues of all of these reactions^ as it should be formed 
from a benzaldehyde magnesium conipoimd; is really produced if this 
conipoimd is heated. 

BdopeHmeni 9. — There were used 50 grams of limonene hydroeliloride and 10 
grams magnesium, the reaction {which in this instance unfortunately did not 
reach completion) being conducted in the apparatus with a filter tube described 
in Experiment 6. A small amount of the ethereal solution was filtered, decom- 
posed with ice and acid and analyzed, giving 2.0 grains of organic liquid, princi- 
pally Cioliis, and 0.307 gram magnesium (calculated Mg=12.2, found=10.3 per 
cent)* The remainder was now also filtered from the unchanged magnesium and 
from the insoluble portion of the ethereal compound of liydro-limonene magnesium 
chloride, and the filtrate, which now only contained the sohthle portion of the 
addition product, was then treated with 35 grams of benzaldehyde. The usual 
evolution of heat took place and the yellow solid already described separated, 
so that the magnesium adilition product produced according to the method of 
Grignard and separated from all other substances by filtration, is in reality the 
compound taking part in the reaction, any excess of benzaldehyde, or of magne- 
sium powder, wdiieli is generally present, not taking part therein. The yellow 
solid produced from ibis soluble portion was now again filtered in an atmosphere 
of dry hydrogen and well washed with absolute ether; it was finally tran.sferred 
to another lla.sk and under absolute ether, it is designated below as the 

imoluhle portion. The united etherial solution filtered from this insoluble sub- 
stance, and the ether used to wasli it are termed the soluhle portion. 

The soluhle portion: This part was free from magnesium and after removing 
the ether it consisted of an oil which weighed 45 grams in the crude state and 
which gave the following fractions when distilled in vacuo: 

No. 1 : B. P, 80° to 90° at 20 millimeters, 33 grams. 

No. 2: B* P. 90° to 110° at 20 millimeters, 5 grams. 

No. 3: A residue of tar, 6 grams. 

The above fractions, when treated with the usual reagent gave 35 grams of 
benzaldehyde phenylhydrazone melting at 155°, representing the excess of benzal- 
dehyde added to the above solution and, 14.8 grams of CioHis of a specific gravity 

QAO gQ 

of 0.S262 and a refractive index, N ^ of 1.4584, the' remainder consisted 

4° '■'■II ' ' ■ 

of xmehanged limonene hydrochloride and of diterpenes. 
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Tl^c insoluhle portion: One and four-tenths grains of the solid innuuiHng under 
ether was removed, washed with absolute ether, dried rapidly on a porous plain, 
weio-hed to a tenth of a gram and tlirowii into water, ddie substanei', provaal to 
be Leeedingly unstable in the air, the yellow powdcn* soon beeotiiiug vnry lioi, 
with the separation of a red oil, a ])ehavior similar to that of sodium aetdnuo, 
while at the same time a very marked odor of Ixmzahhdiyih- is (h'VidoptMl. d1ie 
powder dissolved rather slowly Avhou thrown into water so that it was iie<a‘ssary 
to add a little dilute sulphuric acid. The aipieous solution was exivanbal t\vic(‘ 
with small quantities of ether, the solvent allowed to evaporate siowly m Uw air 
and a crystalline body, Avliieh melted at 121“ and which proved to b(^ henzoii-, aciil 
was separated. A very small amount of an oily residue, liaving ilu' odor ot 
benzaldehyde remained.' Magnesium and chlorine determinations winas ma<U‘ on 
aliquot portions of tlie aqueous solution with the following result ; 


Cl 

Mg 


Found 
(per cent). 

20.71 

12.8 


Calculated (per cent) for 
H 


CfiHr.COMgrOl 

21.5 

14.7 


11.2 

7.0 


Tliese figures, considering the method used and the (lillicnilL}’ oi; wash- 
ing out all free iienzaldeliyde and the certainty of some oxidation during 
the transfer, agree very well with those calculated. 


The remainder of the solid was heated for three hours on a reJiux. comhmsoi* 
with 18 grams of benzoyl chloride. The product was then trca.t(Hl with alkali 
and the neutral part, on distillation, gave 4 grains of benzaldehyde', 1 gram oF a 
solid, mostly benzoic acid^^ and 5 grams of tarry residue, from tin* alkali 25 
grams of benzoic acid AA'ere recovered, it is therefore evident tluit the soliil a<Idiii<>n 
product does not react with benzoyl chloride. 

Experiment id.— There Avere used 10 grams of limonene hydrocliloridi', 8 grams 
of magnesium and 40 cubic centimeters of absolute etlu'.r. Tlu' apparatus was 
arranged as folloAVS: Flask No. 1 in Avbicli tbe Grigmird reaction l.ook placiq a\'us 
fitted with a reliux condenser and a filter tube running to Oask No, 2; in this 
second fla.sk, AAfliieh also carried a reflux condenser, the flltraic from No. 1 was 
treated with benzaldehyde, and a second filter tube delivered the filtrate, from 
No. 2 after this reaction, into flask No. Z. All parts were arranged so tluit they 
could constantly be kept fiilled with dry hydrogen. After tlu' (Irignard reaefton 
was completed in No, 1, the filtrate which was passed over into No. 2 was tiHUiitni 
with benzaldehyde and the solid substanee wluidi was fornuMl was well washed with 


absolute ether, all soluble portions and wash iugs being sucked ovor into No. fl. 
On final analysis No. Z was found to contain no magiiosium and only OhJI ihi ttud 
the excess of benzaldehyde. The solid in No. 2 wnis placed under benzene (dri(Ml 
by distilling oyer sodium wire) and dry oxygen wm nm into it for eight bour.s. 
;;The reaetion is, not very marked, this^ result^ possihly.being' due to' the 'fact that 
the solid forms dense cakes, difficult to penetrate. However, a gradual rcHidening 
took place so that the Avhole, when the current of o.xygeii was finally sliiit ofl* had 
assumed a deep red color. There resulted 1.4 grams of benzoic acid melting at 
121“; 0.9 grains benzaldehyde proved by transference into the phenyl hyilrazoiie 
melting at 155“ and 1.2 grams of tar. Magnesium and chlorine determinations 
' were made aU-d when calculated on the total substance finally obtained, gave the 
hmgupium and 204 per cent for cldorine. Calculated 



4^ in this hof? climate. 
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Ed'pcrl mrnl H. — There were employeed 20 grams of limonene liydrocliloride, 
100 cubic centimeters of absolute ether and 10 grams of magnesium prepared with 
iodine according to the method of Von Baeyer.^- This means of rendering the 
ningnesium active was linally found to be the most satisfactory, as with the metal 
so prepared tlie Grignard reaction starts immediately without the aid of any other 
catal.yzer and continues to compUdion with great vigour. The reaction was 
carried out in the apparatus used for Experiment 10, 24 grams of henzaldehyde 
(free from henzoic acid) being addofl to iiask No. 2. The contents of all flasks 
were worked up in the usual manner. 

Flash Vo. 1 gave 5.2 grams of an oil, principally representing the por- 

tion of CioH^vTIgCl wliich was insoluble in tbe quantity of absolute ether used. 
The precipitate with henzaldehyde formed in flask No. 2 was very thoroughly 
washed with absolute ether and immediately worked up; the total oil being 
10.0 grams. Tlie following analytical data were obtained: 

15.50 grams substance (calculated) gave 1.93 grams magnesium aud 3.03 grams 

chlorine. 

Found Calculated 

(percent). (percent). 

Mg 12.4 14.7 

CT 19,48 21.5 

From the JO.G grams of total oil there were isolated 0.2 gram benzoic acid, 
9.1 grams of an oil boiling between 177° and 182°, the latter was converted into 
1(3.5 grams henzaldehyde phenyihydrazone melting at 154°, and 1 gram of a 
tarry residue remained in the distilling flask. 

Flask No. 3 contained only a trace of magnesium and yielded a total of 21 
grains of oil boiling between 170° and 183°,* from the latter a ([uantity of 
henzaldehyde phenyldrazone corresponding to 12.90 grams henzaldehyde was 
isolated. The remaining liquid which in amount was 10.8 grams, after removing 
the e.xcess of phenylhydrazine, was the diliydro-terpene The calculated 

amount of pure Ci„Hxh which would be set free from Ct„Hi7^1gCT by 9 grams of 
benzaldehyde (formed by decomposing this magnesium compound in flask No. 2) 
is 12.4 grams, if the course of the reaction is that which has been assumed in 
this paper. This agreement is a cdose one when the inevitable losses in frac- 
tionation are considered. In this experiment, therefore, the reaction has been 
shown to proceed quant iiaiiTchi according to our assumptions. 

The eom])iBatio]i of magaesiiiiii chloride and henzaldehyde which has 
lieen so fully discussed, -when freshly prepared is exceedingly unstable 
in the air,, oxidizing upon exposure with a marked evolution of heat and 
with, reddening. AVhen left standing under absolute ether it is fairly 
stalde, esjiecially if present in a thick layer, so that if vSiieh a thick layer 
is allowed to stand over night in the open air but little benzoic acid is 
obtained, the henzaldehyde on acidifying being in greater part recovered 
as such/ Oxidation is rapid if the solid is suspended in ether and a 
stream of air or of oxygen is passed in, but under these eircimistanees 
peroxide formation takes place^ and for this reason benzene was chosen 
instead of, ether. / , ■ 

It is entirely premature at the present time to enter into a discussion of 
A Oas. (10^^ 
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tJie roiistituTioii of tliis addition product. The simplest assLini])tiou would 

0— Mo’Cl 

assia'T! to il a foruiula The structure || 

Qid,C-(J~~-MgG] 

does not seem prohal^le., for ncitlior benzoin nor henzil could be loriml 
ariiong the substances obtained b)" decomposing tlic eompoinid with water, 
excepting in one experiment (number S) where heat was used for a 
long time and wlicon this result was to he expected. Hovrever, it is 
certain that when benzaldeliYde acts on the etlierial compound of hydro- 
limoiiene inagnesiinu eliloricle, the former reacts as it would do it it 
contained a lindrox}'! group. As in this instance benzaldelitTle reacts as 
if it were an alcohol^ it is not surprising to find tliat acetone does the 
same, as acetone often assumes the enol form during reactions as, 
for instance in the production of sodium acetone and during its con- 
densations, many of which are best explainable on the assiim])tion of 
a compoinid of the structure OH.. . COH : CHo. It was neverthc3levss 
deemed advisable to undertake an experiment with acetone as the reageiit. 

Experiment IB . — There were used limoneue liydroeliloride, 35 grani.s; niagiui- 
siuEi, 10 grams, and absolute ether, 100 cubic centimeters. The Grignard reac- 
tion was allowed to take place in a bromine flask, after it was complete, 
13 grams of carefully purifled and dried acetone were slowly added. A con- 
siderable evolution of heat, -as is the ea.se with benzaldeliyde, was observed and 
the separation of a solid which at first was red, then yellow and finally white 
took place. After the reaction has ceased, the product was treated as was the 
case when l>enzaldehyde was the reagent. The neutral oils wore distilled in 
racm and gave the following fractions; 

ISTo. 1: B. P. 73® to SO® at 15 millimeters, 20 grams. 

Xo. 2: B. P. 80° to 110° at 15 millimeters, 7 grams- 

Xo. 3: Residue, 2 grams. 

Number 1 was identified as CjoHis as it had the following constants: Boiling 

point, 174° to 176°; specific gravity, -^=0.8280; NA~-=1.4630. 

4 1 ) 

Number 2 contained a considerable amount of chlorine and the oil was doubtr 
less a mixture of unchanged liraonene hydrochloride and diterpenes. The method 
of Deniges^® showed 12.6 grams of acetone to be present in the aqueous’ solution. 

This result is parallel with the one obtained with benzalclehydo and 
therefore, in this reaction, also, acetone assumes the role of nronen- 
l-oi-2. ' ' , ■ , ' , 

. , The^ experiences with liraonene hydrochloride were of sufficient in- 
terest to warrant a study of the action of benzaldehyde on other magno- 
simn organic halides, for it might he true that in each instance a certain 
proportion of the reduced hydrocarbon might be produced, owing to the 
small percentage of the enol form present in the aldehyde; with this 
md in riew a study of the reaction between Benzyl magnesium chloride 

fta. iXm), 127, 963; 4m; OUfti. Phm. (1'899)V 
21 , 241 . : 

‘ ' ' ' V.'.wr Ahw , : /. 
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and benzaldeliyde was imdertaken. Tims GrignarcT^ states that benzyl 
inagiiesiuiii halides do not react in the normal manner with aldehydes, 
the princdpal product of the reaction being dihenzyl, and HelG"" and his 
students, depending upon the conditions, obtained both the caidanol and 
stilben in this reaction. 

Several experiments under varying conditions were performed and 
phenyl-benzyl carbinol was always olitained in large quantities, but in 
no ease could toluol be detected. Phenyl-benzyl carbinol is readily ob- 
tained in the pure state by distillation of the reaction product in- vacuo. 
It boils from to 170° at 10 millimeters pressure and immediately 
solidifies in the receiver, the room temperature being 30° to 33°. Hell 
speaks of the difficulty he experienced in obtaining the carbinol in a 
solid form when working in the summer. Crystallized twice from li- 
groin (in which solvent when it is boiling it is quite soluble, whereas 
it is almost insoluble in the cold), it melts at 67° to 68°. The melting 
points given for phenyl-benzyl carbinol in the older literature are too 
lowd^ 

With concentrated snlphiirie acid it gives a wiiite tar, just as benz- 
hjclrol gives a red tar with the same reagent. 

As the method of preparing benzhydroP^ in quantity has in the past 
been tedious to apply, and as the Grignard reaction was under considera- 
tion, it was decided to ascertain if it might be available for this purpose. 
Using chlor- or Inom-henzol, magnesium and ether, and treating the 
reaction product with benzaldeliyde, the results leave nothing to be de- 
sired as to yield, ease of manipulation and time consumed, so that this 
method will undoubtedly replace the longer ones foimerly used in pre- 
paring this compound. 

smiWAUY. 

Limoneiie hydrochloride i^eacts with magnesium to form a hydro- 
limonene magnesium chloride, soluble in absolute ether, the union taking 
place normally according to the type of reactions discovered by Grignard. 
This addition product when decomposed by water gives a dihydro-terpene 

n jT 

A method is developed by means of the Grignard reaction of passing 
from terpenes and their derivatives to di- and tetrahydro-terpeiies and 

Ann, de VUniversite de Lyon (1901), N. S, 6, 1-116; Chcm. CentrliL (1901), 
M, 623. 

Ber, d. Ohem, (hs, ( 1904) , 37, 453, 225, 1429. 

Limpricht and Scliwanert: Ann. chom. {LieUg) , (1870), 155, 62. Gold- 
berg; 76id. (1874), 174, 332. Kiiovenagel and Arndts: Ber. d. chem. Ges. 
(1902), 35, 1987. Sndborougli: J. ahem. JSfoc. London (1895), 67, 605- Beilstein 
II, 1079 gives M. P. 42"* probably a misprint for OS®* The error has been copied 
into Piebter's Lexikon der Kolilenstoffverbindimgen. 

Ann. Ghem. {MeUg), 298, P02. Bacon; Am, GLem. Jotw. 

(1905), '33, 68. 
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tlieir derivatives, and tlins a very simple and accessil)le means of prt^[)ai*~ 
ini»* totra- and ]iexalivdro-l)enzene derivatives is at liand. 

It lias l)een ])roved Ijv quantitative experiments that witli liydro- 
limoiiene magiiesinm elilori<le, benzaldehyde aets as if it ta)ntaine(l a hy- 
droxy} group. 

The solid prodnet of tlie action of benzaldoiiyde ii])on hydro-limonmui 
magnesinm cliloride gives analytical data which point it) the rorniuhi 
C,5H-C01IgCL lYlien decomposed with dilute acids this com])ound ]-e- 
generates nearly (jiiantitative amounts of benzaldehyde, ajid only wluai 
it had been heated for a long time are products like benzoin obtained, 
which would indicate a donlde nioleeule. 

The eom])Oiind C,.H 4 ''OMgCI is, when fresldy pre[)ared, veu'y nnstahiti 
in the air, its behavior being much like that of sodium acetone. Aeetone, 
like benzaldehyde, also reacts as if it contained a liydroxyl gronj). 

Iso analogous reaction was obtained from ()enzyl magiiesinm chloride 
and benzaldehvde. 

Ymrk with the Grignard reaction in the field of the terpenes will be 
continued. 



PHILIPPINE TERRENES AND ESSENTIAL OILS, 11. 
YLANG-YLANG OIL. 


By Raymond F. Bacox. 

(From the Chemical Division, Bureau of Science, Manila, P. L) 

Tlie ylang-ylang oil industry is tlie most important and in fact at 
present practically the only perfume-oil industry in the Philippines. 
Like Manila hemp, the ylang-ylang (flower of flowers) is peculiarly a 
product of the Philippines, as the oil distilled in other tropical countries, 
prepared from the same tree, is not ranked in the same class, as regards 
(juality, with the ]>roduet of this Archipelago, but is sold as “'T'anaiiga'^ 
oil. Ylang-ylang oil is obtained by steam distillation from the flowers 
of Cmiangium ocloratum Bail!. (Cananga odorata Hook. f. et Th.). 
Some idea of the magnitude of the industry may be obtained from tlie 
following extracts frbm the reports of the Philippine eustom-Iiouse 
showing the amounts of this oil ex|X)rted during the flseal years named: 

Table 1. — Export of phnuj-phtnp oil from JOOO to lUtH, Inclusire,^ 


Year. Kilos, 'i Year, ' Kilos. 

DJUU - — - iy,tU7 :j 1904 - 

1901 ' 7,ola !: 1905 : l:LS95 

iy02_„„_ - 11.847 il 190H - ; 27,909 

1903 17,820 1 1907 ^ 27,036 



, These' figures represent gross weights' of the packages and heace do not rep- 
resent the aetnal amonats of oil exported, on wliieli no figures are available. To 
obtain, the, actual weights^Af ylangwlang ' oil exported the figures ;givea^ .should 
probably beflivided by ten. 
s 9 a a 


65 



66 


BAGOXs. 


It is tliiis evident tliat tlie incliistry is rapidly increasing in iiia,g- 
iiitiide, as perfumers are now using tliis line oil in an increasing nuniboi 
of prodnets. As tlie industry is peculiarly one belonging to tlie Pbi I ip- 
pines, this laboratory has undertaken studies on the oil and the best 
means of its distillation, with the view of improving the methods ol' 
inaniifactin'c and of the cpiality of the oil. The results thus fcai ob- 
tained are recorded in this paper. 

GEXEEAL TEADE CO jSmiTIOJsUS. 


The general trade conditions in the tdang-ylang oil indristiy are not 
particularly promising for a person with limited capital who desires to 
engage in this business. Xeeessarily, the price of the oil depends ripoii 
its quality, but the establishment of a brand is of very great importance. 
Oils of long established brand command a higher price than imbranded 
ones, or than oils of newer brands, althongli the latter may he fully as 
good in every respect, jiraii}' European houses buy only tlirough Manila 
fonts with whom they have contracts and will not purchase oil from 
others, no matter ivhat the quality may be. ISTevertlieless, there is a 
large open market, especially with Erencli houses, for first-class oils, 
and oils of the very best quality can always be sold. The price naturally 
varies according to. the supply and demand, but the very best oils may 
be counted upon to bring about 200 pesos, Philippine currency, per 
kilo- and those of established brands bring even higher prices. The 
conditions in regard to second-grade oils are not by any means as 
favorable.® The demand for these oils is small, probably because oE 
co-Uipetitioii with cananga oil and with artilieial ylang-ylang oil. Most 
of the Manila distillers manufacture both ilrst and second grade oils 
and because of their trade connections they are usually able to dispose 
of stocks of the latter. The distillers in the provinces who, because oE 
ignoranee of the best methods of distillation and of ])oor appa;ra.tus, 
usually manufacture only second-grade oils, often find great difficulty 
in ^fong their product. These provincial distillers are generally 


anxious to realize quickly on their stocks, which tliey spli to the Manila 
firms for the best price offered. The price paid in Manila for such pro- 
vincial oils is about BO to 70 pesos, Philippine currency, per kilo. There 
is often so little demand for second quality oils , that they can not be sold 
in Manila for any price, and the European market for this grade is 
fref|uently so inactive that distillers pnay liave siudp.oils' on their haiitls 


for as long a period as two years before disposing of theum 

^ ^ peso, P&iMppirie currency, is equal to one-half a fhaiar, Htatcn 

with the present prices of ylang-ylang oil is Gals 
{laiB), 76, 1482, in which 
oil francs the kilo, Ue 
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111 general, the distillers do not own their own groves of vlaugwlang 
treeS;, and the market for tlie dowers in the region around Manila is in 
a very uiisatisfactory condition for the distiller. The large nuniLer of 
distilleries in l^lanila causes keen competition for the iiowers; as a 
result the quality sold is very poor and the price is high. One of the 
largest firms in this business stah's tliat tlie flowers are of a much poorer 
grade during tlie past few' years than tliey were several years ago. 

The flowers are nsiially picked in tlie niglit and are collected in sinall 
lots early in the morning hj native brokers who deliver therii at the dis- 
tilleries. The natives make a practice of wetting tlie flowers with as 
much water as they will absorb and there will often be leaves, tw'igs, and 
other substances mixed in ivith tlieni to add weight. The distillers 
hardly dare refuse such materials, although the quality is poor, for fear 
their supply may lie altogether cut off. I should estimate that over 
three-fourths of tlie flowers brought to the distillers in Manila are un- 
ripe and green, although the ripe, yellow' product gives a larger yield of 
much superior oil. The price of flowers in Manila varies from .20 to 
40 centavos, Philippine currency, per kilo, the average probably being 
as high as 30 centavos.*^ jMany people in the Islands have an idea that 
the ylang-ylang distillers make a tremendous profit. From my observa- 
tion, of the business I can not lielieve this opinion to bo well founded. 
It probably requires on an average 350 kilos of flow'ers to produce 1 
Idlo of first-class oil and this ainoimt wdll also probably give an ad- 
ditional three-quarters of a kilo of second-class oil. Thus the flow'ers 
for 1 kilo of first-class oil will probably cost 115 pesos, Philippine 
GuiTency, and after the cost of steam and w'ater used, of skilled supervi- 
sion, interest and depreciation of the plant are added only a legitimate 
profit is left. Tlie grow'er seems to he the one who makes the large 
])roflts in this industry, as I have heard of trees being sublet by the 
year for 2 pesos per month, the renter expecting to make a profit 
from the flowers which he can pick froui the tree. This would mean a 
production of at least 80 kilos of flow^ors from one tree during a year. 
Wo have no figures, nor have w^e been able to olflain any reliable data 
on the point of the yield of flowers from one tree, but there is no doidit 
hut that large trees bear very luxuriantly. In Manila, the best flow'- 
ers are usually obtained in Mhy and June, but the season Just passed 

mn Plesst^’.s Art; of PcrfuniCTy, London, 1^4. is f<Hinfl sin interesting 

error iii the statement that ylnng-y king ttnvers are adnitenited witk dowto's of 
chami>aea {Michelhi Linn.) to cheapen the quality of the. oil. As a 

nuiit.erUU fact ehauqaiea flowers sell in .Manila for as high as I pes«v, PUilippiiK* 
enrrehey, per kilo with a 'good demand as compared to yla ng-ykoig tlowers ai about, 
tlO centavos, Philippine inirreney. per, kilo, and oil of eharnpaea isunneh more ex^ 
pensive than,' oil of ylang-ylang. An idea prevails in Alaniia that the distillers 
nihke: mncll money Iw ^ sorting out the ohampaea' ‘flowers from the ylang-ylang 
iiowers, as In .some: localities' both glasses' of trees grow In the same grove. ' Phis 
idea is alsU erroneous, ■ 
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('190T ) was late, so tliat distill atioii was not begun, on any large sealer iiniiil 
August (lOOi ) and it then extended into February (190<S). 

Large nimibers of ylniig-ylang trees grow in many of the proviiu^es; 
in the Caiiiariiies, Alindoro, and Albay there are vstills, and in Lohol 
there are many trees, but as yet no stills. Tlio trees aa’(; also prohably 
found in cjiiantities in many of tlu^ other ])rovinees, whore oil is not yet 
distilled. 

The impression is very general in Manila that the provineial flow(n*s are 
inferior and will not make good oil. This opinion is no doubt largely 
due to the lower quality of provineial oils caused by poor distillation. 
Tliere is every reason to believe that the flowers are just as good in the 
provinces as in the region around M-anila, especially in tlios(‘ I'egions 
where the trees are cultivated and raised on a hu'go scade. Rome llrms 
in Manila distill oil in the ]>rovinces, and the prices which they obtain 
are just as high as those derived from their Manila pi'odiuh. Moix'oveig 
the provincial distiller has two very decided aclvantag(‘S over his Manila 
competitors in that the price which he pays foi* flowers is lower (12 to 
20 centavos^, Philippine currency, per kilo), and in that he can reriisc 
to accept poor flowers, as the competition is not so keen, fldie next ad- 
vance for the industry would seem to be the ijistallaiion of flrst-chiss 
apparatus and the introduction of correct distillation methods in ilu*. 
provinces. 

METHODS on niSTlLLAlUOK. 


Miicdi mystery surrounds the distillation of the oil of ylong-ylang in 
Manila. Tlie manufacturers are supposed to have valuable trade soereis, 
so that no one is allowed to visit the distilleries of many of them. TTow- 
ever, I have been inside of some of the Manila distilleries whore no such 
restrictions exist and have also distilled the first quality of ylaug-ylang 
oil in this laboratory. I do not wish to violate any 'conf]fl( 3 n(ie imposed 
in me by the manufacturers who have allowed me to visit their plants 
and have told me of their methods -of distillation, but I do not txdieve 
there are any trade secrets; by this I do not mean to iniply that any onci 


can distill first quality ylang-ylang oil, bxxt witli the proper apparatus 
an operator who thoroughly understands the distillation of eBseotial oils 
in general will soon find out the, special small points in the clistilhiiion 
of ylang-ylang oil. The important points where xnany err, and this is 
especially true; of the provincial distillers, is in the wrong choice of frac- 
tions, ip bxirnmg the flowers and in obtaining too much resin in the oil. 
The oil must be distilled slowly, with clean the flowers being so 

placed in the stills as to avoid their being exxt into channels* by the 
Bteaiu., Thfi quantity , of the oil taiea is pnly a fraction of the total 
ih Jofw, IHsTegard.of, this factor is one of the most' 
(CU8taller% foy^ on the contrary^ : they are , 
of 'icfii;. and tiierefore they will" 
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often distill 1 kilo from 150 to 200 kilos of flowers. Tlie quantity of the 
latter to be taken to produce 1 kilo of oil naturally A'aries with their 
quality, ]}ut in general tlie amount should ])e 300 to 500 kilos, probably 
averaging aimiit 100. After the first quality oil has been distilled, then 
a vaiqlng quantity of the second grade, up to a ^nluine equal to that 
of the first, may be obtained from the same lot of flowers; after 
this operation the still and condensers must be thoroughly cleaned and 
steamed out to prevent contamination of the next distillation of first- 
quality oil with the remains of the second quality adhering to the ap- 
paratus. The distiller usually judges of the time to change the receptacle 
from that used for first qiialit}" to that employed for the second, by taking 
note of the odor of the distillate. The oil is received in some type of 
Florence flask, usually two or more of these are connected in series and 
tlie condensed water is used in future distillations. The whole apparatus 
is best lined with block tin, although some distillers have found nickel 
to be more satisfactory. The oil, after separating from the water, is 
clarified and as it is sensitive to light and air, it should be placed into 
dark colored bottles as soon as possible; these should be filled to the neck, 
W’ell stoppered and then paraffined to keep out all air. In the ideal 
apparatus the receivers should be so constructed that very little light 
and air has feeess to the oil. Tlie possibilities of vacuum distillation with 
steam to obtain as large a 3field as possible of the fragant lower boiling 
esters and alcoliols and as little as possible of resins and sescpiiterpenes, 
has suggested itself. Some experiments along these lines were under- 
taken, but the apparatus available was not satisfactory for the purpose 
owing to losses in the condensers. The maceration of the flowers to allow 
the oil to escape more easily also suggests itself as a possible improvement 
in distillation methods. Experiments along these lines will ])e undertaken 
at some future time when a new still, adapted to the purpose, has been 
purcliased. 

THE ANALYSIS OE YLANG-YLANG OIL. 

yiaiig-ylang oil does not owe its fragrance to any one substance, but 
contains a great number of odoriferous compounds, hence it is not possible 
to value it by certain analytical determinations as is the case with many 
essentia] oils. At the present time ylang-ylang oil is largely bought 
and sold on the judgment of the dealers, the determining factor being 
the odor, and much prejudice as well as uncertainty of valuation exists. 
It is highly desirable to have other means of determining the value of 
the oil. This wmiild be especially advantageous for those Manila houses 
who purchase oils other than those of their own manufacture, as ex- 
perience has shown to these firms -that the judgment of the purchaser 
in Manila does not alwa 3 'S agree with that of the one in Europe. It is 
obvious that it is not possible in the. present state of our knowledge of 
ylang-ylang' oil to 'Judge ^ of:, its ^ quality' from' the analysis alone, but I 
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believe the following results will show that the ordinary aiialyl ieal con- 
stants are of very great assistance^ as only the records of isolated eoiistajjts 
obtained on oils largely of unknown origin are available in the litei*a- 
tiire. Owing to tliis lack I have deterniined the siin])lu constants on a 
niiniher of oils of known oingin. Most of tlie latter vene from oiu* <lis- 
tillery, the process of distillation ]>oing watched and the saniph^s c-ol- 
leeted by myself* In this manner I was able to obtain a few analvlicad 
constants on oils known to he of hrst or second grade ; the results rec'ordcd 
present inaiw regularities and are so promising that it is lioped, as inoni 
material beconies available^ to discover other constants^ so that iii tinn^ tlu.^ 
purchase and sale of 3 dang-y]ang oil ma}" be placed on an exatd analytic^al 
basis. In this hrst series tlie values determined were: Specific gravdy 

dO 

(pyknometer) ; optical rotation at 30*" ; refractive index, N ; 

and ester number, the latter by the usual method, using 1 gi’am of oil. 
The results are tabulated as follows : 

Table IT. — Tabulation of the coyistants of first-grade ylang-ylang oils. 


1 ', 

Sp,|r. 

sno 

^ 300 

Ester 


i No. 

1 

40 

■"0 

' 

num- 

ber. 

Origin and remarks. 

• 

1 

j 1 

0. 941 

—43.6 


129. 7 

My distillation, Apr., 1907. Fii\st 0,45 per ecnt from 10 
kilos of good flowei>i. 



i ^ 

0. 920 

—35.5 

1. 4S46 

108 

B.’s distillate of Ang. 17, 1907. 


0. 911 

-39.3 

1. 4840 

95 

First lialf of first-quality oil distilled Aug. 17, 1907. 

4 

0.921 

-35.1 

1.4821 

109 

B.’s distillate of Aug. 20, 1907. 

5 

0. 939 

—34.2 

1. 4880 

131 

B.’s distillate of Ang. 22, 1907. 

6 

0.920 

-38. 9 

1.4838 

98 

B.’s distillate of Ang. 23, 1907. 

7 

0,925 

-45.2 

1.4900 

no 

B.’s distillate of Aug. 24, 1907. 'Pyphoons and xwnr 






flowers. 

8 

0.919 

-•45.9 

1.4864 

100 

B.’s distillate of Ang. 27, 1907. lUtins and typlioons. 

9 

0.912 

—48.2 

1, 4852 

90 

B/s distillate of Atig. 29, 1907. Flowers very poor be- 






cause of continued typbomis. 

10 

0.922 

-26.0 

1. 4794 

117 ■ 

First quality oil rectified in racao. B. 'H llat (3 90 per 






cent yield. 

11 

0. 915 

-4.5.6 

1.4843 

96 

B.’s, distillate of Aug. 31, 1907. Flowers .so poor Ikhmiukc 






of continued typlionns that 500 kilos w( we used for 1 
kilodfoil. 

; n 

; 0.913 

-38.3 

1.4808 

,, 95' „ 

B ,’,8 distillate, of Sept. 5, 1907. Flower's good as a r(‘fiult 






of three days* sunshine and hence a large yield, of oil. 

./US 

■' 0.924 

—49.7 

1.4898 

104 

B.’s distillate of Sept. 7, 1907, 

i "14 

' 0.927 


1. 4888 

112 

B.’s mixed distillate. 

15 

0.916 

- 86 . 9 

1.4811 ' 

100 

B.’s distillate of sept. 10 , 1907. 

_ 16 

0.915 

—33.2 

: 1.4747 

• 102 ’ 

Distillate 55 grams obtained by redistilling lOO kilos of 






yiang-ylang condensation water. 

0.917 

-39.8 

1.4786' 

• '' , 96 , ; 

B,,’s distillate of Sept. 12, 1907. 

V18 

,,0.922 

[ ^54 

: 1.4890; 

•i i{|4, • : 

' B.’s distillate of Sept. 3, 1907. 

.Ait, 

>.ki 


1.4625' 

108 ; 

B.’s jpixed dfatillkte, ■ 'b' V", 


0.914 

1 


101 

Pirst-gttalfty^oil from Kindoro. 



r,Tm4' 


334 i 

■ Distilled mmo 'Wj.tlr steam from selected flo,wers- 
; dWll^te, ff Feh. l, 1908, from veiv good dozers, ' 

22 

O.-SST 

m: 






1^1 

witlvyety: ''cate'-' 

' , ' b' b'' b ' 



YLANG-YLANG OIL. 


71 


Table III . — Tahulaiion of the constants of second- grade ghtiig-j/lang oils. 


No. : 

1 

Sp. gr. 

i 

, 80° ' 

30° 

E-stor 


80^''* 


r-’ , 

num- 

ber. 

< H’igin and remarks. , 

1 

o.y2y 

—■69,2 : 


84. 6 

Corresponds to No. 1 , above. Se<'uiid 0.42 per cent from i 



i 



same distillation as No. 1. 

0 1 

i 

0.930 

--27.7 1 


89 

First half by distillation in vacuo from a provincial oil. 

3 

0. 015 

— 56.3 


42 

Second half by distillation in vaeu.o of the .same pro- 






vineial oil. 

4 

0.910 

—27.4 ' 


64.1 

Provincial oil from Nueva Caeeres. Distillate of Mar.. ' 



i 



1907. 

5 

0. 912 

—51. 5 ‘ 


88 

My distillation; poor flowers: 0.45 per cent yield. 

My distillation: poor flowers; 0.52 per cent yield. ; 

6 

0.921 

— 55. 7 i 

— 

75 


0.940 

—38.8 i 



80 

My distillation: poor flowers; 0.61 per cent yield. i 

8 

0.918 

—42.7 1 

1.4950 i 

84 j 

Provincial oil. i 

9 

0,918 

-37.2 

1.4954 1 

77.1 i 

Do. i 

10 

0.942 

—31.3 j 

1.4978 I 

87 1 

Corresponds to No. 3, Table I L B.’s second-quality oil 

! 


,1 


, i 

of Aug. 17, 1907. 

11 1 

0.913 1 

—86. 0 ; 

1. 5000 

72 1 

Corresponds to No. 4, Table II. B.’s second-quality oil ; 

i 


i 


: 

of Aug. 20, 1907. 

12 

0.917 1 

— 66. 7 j 

1.5032 

70 i 

My distillation of second-quality oil from flowers from 


1 

1 


j 

which the first quality had been previously distilled. 
Yield, 0.7 per cemt. 

13 ; 

0.919 

—61.4 j 

1. 4977 

86 i 

Second-quality oil corresponding to No. 5, Table 11. 


0. 91S 

—66.4 

1.4986 

83 

Second-quality oil corresponding to No. 6, Table II. 

15 

0.903 

—SI. 3 

1. 4981 

59 

Second-quality oil corresponding to No, 7, Table II. 

Id 

0.928 

—30. 2 

1. 4927 

64 

Provincial oil. 

1 17 

0.9LS 'l 

—73. 5 

1.4979 i 

80.8 I 

Second-quality oil corresponding to No. 8, Table II. 

IS i 

0.906 

—76.0 

1.4991 ; 

67 1 

Second-quality oil corresponding to No. 9, Table 11. - 

; 19 1 

0.926 

—75.0 

1,5054 i 

80 : 

Second-quality oil corresponding to No- 11, Table II. ; 

- 20 i 

0.901 

-44.4 

1.4935 1 

54 

Provincial oil. 

1 '21 I 

0.896 ' 

— 16.8 i 

1.4S88 ! 

72 

Provincial oil No. 20 rectified in vacuo; 0.65 per cent 


! 


1 


yield . | 

i 22 

0.S97 

—29.8 

1. 47S8 i 

69 ■' 

Provincial oil No. 20 rectified in vacuo; 0.50 per cent ' 


j : 


i 

* 

i yield. ; 

28 , 

1 0.914 

—84,7 

1.5001 

73 

iO 

: Second-quality oil corresponding to No. 12, Table II. ; 

1 ' 

0. 913 

— 66.S 

1 1.4926 

86 

' Second-grade ‘-Sartorius” brand. ; 

! 25 

0. 910 

—69.0 

1 1.4972 

69 

Second-quality oil corresponding to No. 13, Table II. i 

26 

0.904 

—87,0 

1 1.4980 

68 

Second-quality oil corre.sponding to No, 15, Table II. i 

27 

0. 922 

—35.8 

1. 4962 

77 

, Provincial oil. 1 

2S 

0.926 

—51.6 

1. 5002 

89 

1 Do. 1 

29 

0,913 

—34.3 

1. 4980 

86 

Do. ' j 

80 

0. 915 

—43.3 

1.4962 

81 

j Iriga oil. Approaches first-grade oil in quality. 

81 

0.921 

—36.2 

1. 5002 

94 

I Oil from Guiuobatan, Albay. At>proaches first-grade 






1 oil in quality. , 

32 

0.914 

—55,4 

1. 5008 

82 

j Second-quality oil from same locality. Same distil- | 






j lation. 

33 

0.920 

—42. 6 

1.4916 

85. 

1 Good second-quality oil from B’s plant. 

^ ' 34 

0.912 

—45.6 

1.4928 

90 

1 Oil, from Nueva Caeeres. Approaches first-grade in : 






quality. : 

35 

0.908 

-80.1 

1.5082 

58 

Oil from Mount Isarog, Ambos Camarines. A very 






poor oil. 

so 

0.912 

—32.1 

1.4942 

* 86 

Oil from Albay. Very close to first-grade oil. 


» Tiie inanuf^cttirers of the “Sartorius'% one of the best brands of ylang'-ylang oil, 
have refused to, sell us,' any' of their first-auality oil, and the,,, analysis' of number 24 
was made .'from the second- quality of' the oil,, sold Manila as * ‘essence of ylang-ylang 
de Pablo Sartorius,” ' We ^ expect -to be able to; obtain, the -first-grade oil from European 
sources, and hopd to include this standard brand in our future work. ^ 
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DISCUSSION OU ANALYTICAL LL8ULTS. 


Several regularities Tvill at once be noted. The ester number of first- 
grade oils is usually 100 or more, whereas that of second grade but 
rarely rises above SO; the refractive index of the former class is usually 

low, being but rarel}" over IST-g-^ 1.4900, whereas that ol: the latter ap- 
proaches 1.5000. This difference is due to the larger content ol: sesqui- 
terpenes and resins in second-grade oils, cadinene having a re:tractive 


OAO 

index =1.5060. The optical rotation of first-grade oils is rnucii 

lower than that of the second grade, it being bat rarely over 
usually varying from —32° to —45°, that of tlie second grade bdng 
around —60° and over. This difference is also caused by tiio liigli 
content of the latter'in sesquiterpenes. A few provincial oils have a low 
optical rotation together with a low^ ester niimlier, and such oils arc^ in 
general very poor, they are also apt to have a very low specific gravity.^’ 
The results all go to show that an oil with a low refractive •index, low 
optical rotations, and high ester number is almost certain to be good, 
while iiigli refractive index, high optical rotation, and low ester number 
indicate a second-grade oil. 

No especial regularities have been noted in the specific gravities of 
the various oils, save that if an oil has a liigh specific gravity and high 
ester content (ester number above 110) it may follow that it may also 
have a higher refractive index, and oils with all these constants are very 
superior. (See Table II, number 23.) 

Manila buyers of provincial oils are often anxious to ascertain tlu‘. 
quantity of flow^ers used by the distiller in obtaining tlio oil o:ffered, so 
that they may judge as to its quality. A number of experiments were 
made on the distillation of ylang-ylang oil in vacuo to obtain data, on 
this point and to ascertain whether it might be possible to rectify a- 
iower grade of oil by such a proee<lure. 

One hundred cubic centimeters of first-quality oil were placed in a 200 cubic 
centimeter, high-necked fiask, the distance from the surface of the oil to the cxii, 
tube being 16.5 centimeters v a slow, regular distillation was made from a n>eial 
,bath the 'temperature pf which was kept: to 20® hotter than that 'of the 'dis- 

tilling vapor j thfe total time consumed in the distillation being one laour a/nd 
twenty-five minutes. , 


The original oil gave the following constants: Specific gravity, — =: 0.927 j 
> ' ^ '■ ' ' 

^•^=■^44,43 1.4883; ester 'number ==117.8., 

i f, ^ I,— -Fifiy-two cubic 'Centimeters at '13 millhneters,' pressure, 

temp .of, metal bath up'to 420®v 

>1* ‘I which numbers were 'known' 

- ' '■ ' ' ' ' ' 

B IM 
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A perfectly colorless' oil of very good odor but lacking tlie fine, sweetish, soft 
flavor of the original. 


OAO OAO 

Specific gravity, =0.921; A =21.1; = 


: 1.4778; ester number =120. 


Fraction numljcr 2, — Twenty-five cubic centimeters at 13 millimeters pressure, 
boiling between 100° and 120°, metal bath up to 135°. 

A water-white oil having a burnt odor. 

30 ° 30 ° 30 ° 

Specific gravity, ---=0.910; =1.4890; A-— -= — GS.2; ester number=75. 

Fraction mimhcr S , — Fifteen cubic centimeters at 10 millimeters pressure, 
passing over between 120° and 142°, metal bath up to 155°. 

30 ° 30 ° 30 ° 

Specific giuvity, -^=0.910; A'~-=— 97.8; N--g- = 1.5031 ; ester nmn])er= 
109. 


The residue in the distilling flask was 6 cubic centimeters, 27 30=1.5435. A 
dark brown resin, of rather agreeable odor. 

Fractions 1, 2, and 3, united, gave 92 per cent of the original oil. This oil 
was perfectly colorless, but the odor was burnt and not nearly as fine as that 
of the original oil. 

30 ° 30 ° 30 ° 

The constants were: Specific gravity, -^-^=0.918; A =—40.5; ]N‘-^ = 
1.4841; ester number= 117.1. 


The greater part of the burnt odor was removed by ninning air through 
this oil for some time^ but this process did not restore the mild;, sweetish 
odor of the original oil. Wlien^ during the process of distillation the 
distillers slightly burn the flowers which they use, the resulting oil is 
allowed to stand in contact with the air for a day or two, the result 
being the loss of its burnt odor. I have noted in respect to oils distilled 
in vacuo that those samples distilled in a hydrogen atmosphere always 
have more of a burnt, or flat odor than have the ones fractioned with the 
ordinary air capillary. My experience seems to be that the rectification 
of oils in vacuo is not an entire success, as the distillates;, although ap- 
parently of the same composition as the oil from which they are distilled, 
seem to lack in perfimiing power: this is especially true of the lasting 
qualities of the odor. These results suggest that the highest boiling 
parts of the ylang-ylang oil and even the resins, are very probably im- 
portant constituents of the whole, possibly they help to fix the more 
volatile, odoriferous portions. I have always been impressed by the 
peenliaiiy lasting fragrance of the resinous residues of the distillation of 
ylaiig-ylang oils fractioned in vacuo. 

The distillation of many ylang-ylang-oils in vacuo has shown that 
over 50 per cent of the first quality oil will pass over below 100° at 10 
millimeters pressure, and when I have tested poorer oils in this respect 
I have found the amount of substance volatile below 100° at 10 milli- 
meters which passed over to be proportional to the quantity of flowers 
used in preparing the oil. Thus one oil distilled from flowers at the 
yield' of i" kilo for S06, , kilos’’ of flowers' showed 27^ per cent ' of volatile' 
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eonstitiients under tlie conditions named, whereas another prepared in 
the proportion of 1 kilo to 150 kilos of flowers gave 10 per cent. 

It follows from this tliat the distillation test is also of value both in 
determining the cpialitv of an oil and the })roportion of flowers used in 
preparing it. The only manner in which poor provincial oils may ho 
improved is by redistillation with steam, and this ])roce(lni‘c rxisults in 
large losses. Fractioning with steam in vacuo also scorns quite [)rom- 
ising, although the process is very slow. Oils tlius obtained are quite 
colorless, and by taking snitable fractions a very fair oil may thus be 
prepared from a product which before treatment was almost unsalable. 

The following table illustrates the manner in which the very signineaiit 
constants of refractive index and ester number vary iti the different fi‘ac- 
tions. The numbers represent the successive fractions obtained at L.>: 
distiliery on the dates given : 


Table IV. — Successive fractions of ylang-ylan.g oil. 


1 April 9, 1907. 

i ' 

April 11, 1907. 

September 21, 1907. 

1 No. > 







' , >:S(P , 

' Ester 


Ester 

Specific 


Ester 

i i u 

number. 

^ D 

number. 

gravity. 

" 1) 

number. 

' 1 1 1.4878 

168 

1.4777 

lOi 

0.927 

1.4888 

165 

i 2 I 1.4908 

149 

1. 4825 

185 

0.930 

1.4903 

167 

' a 1,1970 

105 

1. 4908 

119 

0.929 

1.4945 

145 

4 1 1.512 

88 

1. 4978 

91 

0.931 

1.5003 

105 

5 1 1.5050 

65 

1.4994 

83 

0.924 

1.5035 

80 

1 8 1 1.5057 i 

68 

1.5040 

^ 55 

0.929 

1.5029 

73 

7 j 1.5041 ! 

58 

1.5068 

80 

0.933 

1. 5030 

61 

i S' 1 1 


1. 5083 

64 

0.940 

1. 5034 

1 57 

54 

i' 9 



i 1, 5023 

1' 10 ; 1 





i i.rxjoo 

' 49 

i i ! 






A double refined oil (twice distilled) from the same finn. ga.ve as fol- 
lows for the first and second fractions : 

3QO 

1. 1^^=1.4921; specific gravity=0.923; ester number= 10 i). 

' ' 30 ° 

^ specific gravity=0.9M; ester nximber=92. , 

’ . : THE ADULTERATION OE XLANO-YLANa OIL. 

I do pPt believe tbs-t edulteratioii of oil is very g^eneral 

in the Philippides. The common adulterants are said to be alcohol, tur- 
pentme, coconut or other fixed oils, and kerosene. When turpentine is 
1 as an^^ulter^t,^ it is sprinkled over the flowers and tlien subjected 
isfflaticai with the regt ^ when small quantities are thus used its 

piitenq hks been reported as a nor-, 
Abe presence of tor-' 
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penes in ylaiig-ylaiig uil probably depends upon the fact that unripe 
liowers in Avhieh tei^penes are apt to occur are mixed 'with those used for 
distilling. I conld not find pinene or otlier terpenos in 100 ciiljic centi- 
meter samples of oils made from fairly good flowers, but the distillation 
of very nnri])e flowers gives an oil wliicli has an odor differing entirely 
from that of ylang-ylang; on the other hand it resembles that of a mix- 
ture of turpentine and bananas^ and doubtless it contaiiis quantities of 
terpeiies and of benzyl or amyl (?) acetate. 

I have examined a sample of tuiqjentine which was said to be prepared 
for the use of jdaiig-ylang distillers: it proved to be a very tiiorouglily 
refined, dextro-rotary product, flatnred with a trace of essence of pep- 
permint. If turpentine is present in an ylang-ylang oil in any quantity 
it gives to the latter a sharp, harsh odor, it lowers the specific gravity, 
optical rotation and refractive index, and it may be detected in the first 
fraction upon distilling the ylang-ylang oil in vacuo. If, upon fraction- 
ing a 100 cubic centimeter sample at 10 millimeters pressure, more than 
1 cubic centimeter passes over below 6o^, turpentine or some otlier low- 
boiling adulterant may be at once suspected. The odor of this fraction 
will often give some clue as to the adulteraiit which has been used and if 
it is suspected that this is turpentine, pinene may be tested for in the 
usual manner. The presence of pinene is best proved by its conversion 
into the bisiiitroso-ehloride, which with benzjdamine gives the corre- 
sponding nitrol benzylamine melting at 123''h 

Alcohol is detected in ylang-ylang oil by shaking the sample tiiorouglily 
thi’ee times with a small amount of water, the latter being thoimigUy 
separated from the oil by eentrifiigating. The iodoform reaction is 
then used with the aqueous solution, sodium carbonate and iodine dis- 
solved in potassium iodide being added. I have satisfied myself that pure 
ylang-ylang oil gives no reaction with these reagents and that 1 per cent 
of alcohol can be detected in a 20 cubic centimeter sample by this method. 
Pure ylang-ylang oil vflfl sometimes give a faint reaction. This Is no 
doubt owing to the alcohol which is used in washing the funnels and 
flasks in the distillery. 

Coconut or other fatty oils are detected by the well-known method of 
placing a drop of the oil on bibulous paper, and tliis course is satisfactory 
if the adulterant is present in any quantity. The solubility in 90 per 
cent alcohol has also been proposed as a test, as fatty oils are soluble "with 
difficulty ill alcohol of this strength. I have found that 3 per cent of 
coconut oil added to an ylang-ylang oil of the first quality could be at 
once detected by the opalescence produced by treating the mixture with 
two volumes of 90 per cent alcohol. However, the test, if used indiscrimi- 
nately is liable to lead to unreliable results,, because a pure, second-grade 
ylang-ylang oil gives a marked opalescence with alcohol of the same 
strengfcli;:'this is due to the fact that sesquiterpenes preponderate in: this 
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CjiialitT and the latter are insoluble in 90 per cent alcohol. The iliC- 
ferenee beiNHues more marked on using 75 per cent alcohol;, as the first 
qiiaiitY of ylang-ylang oil dissolves in this strength with only a faint 
opalescence;, while second quality separates in large globules ; so that this 
distinction offers an easy method of roughly judging the quality of ilie oil. 

Another method of value is to prepare a 1 per cent solution of the 
oil in alcohol and compare the odor with a similar one of an oil of known 
quality, as judgment is much more certain as to the perfuming power 
when dilute solutions instead of the pure oils ai-e used. One ciil)ie 
centimeter of each solution can then be poured on separate pieces of 
bibulous papeiy the odor being compared at the end of twehn^ twenty- 
four, or even a longer nimiber of hours; this test gives some idea in 
regard to the permanence of the odor. 

Pure ylang-ylang oil obtained by distillation in vacuo leaves a residiu) 
of about 5 per cent and of course if fixed oils are present;, this will hci 
larger. Moreover, the residue from pure ylang- 3 dang oil lias a refracti^^e 

D 


index of about 1.5400;, wliereas a product containing 5 per cent of 


30 ^ 

added coconut oil had an index of N -^=1.5000. 


Patty acids can be 


detected in this, residue left on distillation by heating it with fused potas- 
sium bisulphate, for if fatty oils are present the odor of fatty acids as 
well as a marked one of akroleixi is observed. The odor of the fatty acids 
gives the best sign of their presence in the residue; because pure ylang- 
yhuig oil upon being treated in this way gives a rather sharp odoxq which; 
however; might be mistaken for that of akrolein. If coconut oil has been 
added to a first-grade ylang-ylang oil to the amount of 5 per cent it can 
be detected by the odor alonC; if the person making the test is familiar 
with the oil Petroleum or mineral oil can be detected in ylang-ylang by 
destroying ever^TMng but these adulterants with concentrated sulphuric 
acid and then distilling the remainder. 

The use of any adulteration is more emphatically tlie height of cioin- 
mereial folly for ylang-ylang than it is for any other essential oil, for 
only the product of the highest quality brings a remunerative price. A 
lO^per cent increase in; quantity by means of adulteration may cut the 
price in two, or may result in an oil which can not be sold at any price. 
The^test advance in the ylang-ylang oil industry will take place when 
■fc© distillers own their groves of trees and can select onlj^ ripSj yellow 
flowers for distillation. Tliis fact is emphasized quite strikingly by tbe 
following experiment: 

tve-tenths kilos (120 pounds) of extra fme flowers, one-half 
# vhiA ww perfecHy y^ow and ripe, ware distilled with steam in the usual 
the were-, obtained AT 
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o0° 

Number 1: 55 cubie centimeters; speciiic gravity, _-=:0J)60: A -^'--——■19.8° ; 

‘ 4 ‘ U 

80° 

N-g- —1.4865; e.stcr number, 178. 

80° 80° 

Number 2 : 83 cubic centimeters; specific gravity, ---=i0.950; A'— =—26.5°; 
80° 

N-|y =1.4914; ester number, 160. 

80° *^ 0 ° 

Number 8 : 90 cubic centimeters; specific gravity, -^- = 0.954; A— =—34,6°; 
80° 

N"|)“ =1.4956; ester number, 154. 

80° 80° 

Number 4: 80 cubic centimeters; specific gravity, --^^-=0.942; A bg_i= — 53 . 4 ° j 
80° 

N^-- =1.5020; ester number. 118. 

Tubes numbers 1, 2 and 8 united gave the following constants: Specific 
80° 80° 80° 

gravity, ~ =0.958; A— =—27.0; Nig- =1.4910; ester niiniber, 169. 

The total oil obtained mis 258 cubic centimeters, which is 264 grams, cor- 
responding to a }deld of 0.45 per cent. 


This yield tras nearly twice the normal amount and the quality of tlie 
oil was very high, as was sliown not only by the analytical figures given 
above;, but also was confirmed by the opinions of ilanila experts to whom 
it was submitted. 

I believe these experiments indicate that 200 kilos of ripe, yellow 
flowers will give 1 kilo of a better quality of oil than will 400 kilos of the 
class of poor, mixed flowers used at the present time. It is a well-kno^m 
fact of plant physiology that the odoriferous siiljstance is present in the 
flowTr in greatest abundance and in finest quality at the time when it is 
mature and ready for pollination. ISTo doubt, in the course of time inucli 
can be done toward improving the yield and quality of ylang-ylang oil by 
intelligent plant selection. Such work requires iiiiich patience and at 
present there are absolutely no data available save a general opinion that 
the ylang-ylang trees of the wild nioiintaiii regions are not as fragrant as 
the cultivated ones of the lowdands. 


Fifty-huir and five-tenths kilos of the same flowers were also distilled in a 
vacuum of 100 millimeters, an exceedingly slow operation. There were obtained 
32 cubie centimeters of oil of a very good quality, with the following properties: 
80° 80° 30° 

Specific gravity, =0J49; A^-=36,l; N 1.4940; ester number, 188, 

The low yield is due to the fact that the only apparatus available had 
the vacuum pipe opening directly into the oil receiver, with only a com- 
paratively short condenser above, and as a consequence most of the oil was 
lost by volatilization. 
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the composition of ylang-ylanu oil. 


Tile clieiuieol corn position of ylang-jlang oil has been pretty well 
established through the labors of many eiieinists. 

Gal foiiiicl no aldoliydes or ketone'^, but banzoic acid as esters of iiiikiiowu 
aleoliois. FllickigeT/ correctly names the tree from whitdi ylang-ylang oil is 
obtained and gires a good historical rdsuine concerning the oil and its inirodiudJoH 
into Europe. .Ide found in the oil a very small (iniount of benzoic jK'id, aceti(' aidd 
and unidentified plienols (from the color reactions witii hirrie ehh,,)ride) and 
suspeetetl the presence of an aldehyde or ketone. 

He obtained a very small amount of a precipitate with sotlium l>isulpbite. He 
was unable to identify any of the ateohols from the oil. There would seem to 
be some doubt as to whether Flhekiger studied a genuine sample of ylang-ylang 
oil, as the esters of benzoic acid are so abundantly present that the acid is 
separated in quantity with the greatest of ease. Reychler found Inmzoic and 
acetic acids, liiialodi, geraniol and cadinene. Darzens found methyl alcohol, 
pwm'kresol, l)enzoic and acetic acids and considered that the parc-kresol was 
present as the acetate, for he states that jiara-kresol acetate has an odor 
somewliat like that of ylang-ylang oil. The linal and most exhaustive researches 
on this |)erfunie oil are due to the commercial houses, especially to Schimmel & 
Company/® whose results are embodied in a patent for artificial ylang-ylang oil. 

A rational inetliod of analysis of this oil should^ if possible, bo founded 
on its composition, and therefore we have undertaken studies in this 
direction and have succeeded in adding two new substances, formic acid 
and safrol (isosafrol), to the list of the known constituents of the ylang- 
ylang oil. 


Experiment 1 . — One Inmdred grams of first-grade ylang-ylang oil wen^ taken ; 
its constants were as follows: Spedlic gravity, —^-=0.021; A -"=—40.7; 

gpo ‘ 

N~--y =1.4^25 ; ester number, 108. 


This oil gave only a very faint reaction with ferric chl(u-id(‘. at the eouiad. 
zone, due to methyl salicylate, showing that the phenols were t'ombiiied. It is 
interesting to note that none of the oils 1 have handled gave a strong color reaction 
with ferric chloride, and therefore the possibility suggests itself that the agiung 
of the oil causes a small amount of hydrolysis of tlie phenol-ethcys, for most 
European observers have obtained pronounced color reactions with ferric chloride. 

The oil I used was more than neutralized with 0.1 cubic centimeter of ^-caimtie 
' ' ’ * . 10 
.soda.’ AH good ylang-ylang oils are neutral. , 

The oil was heated to 100° in a sealed tube with 15 grams of sodium hydroxide, 
'v&»lved4n' SO o.«hio^' centimeters of 'water,' for'elglit'' hours. ' At the end 'of this 
TImeva' «.msidei*ablc ahiount" of 'solid separadulf there was no pressure in tln^ 
tube. The conients was dis.s^dvi^<l in water and ether, the etherial layer Heparnted, 
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tlie aqueous portion well shaken with ether and the ether several times shaken out 
with small amounts of winter so as to separate the aleohols soluble in that 
medium, the waiter being ahvays added to the original alkaline solution. The 
latter was now” distilled w'itli steam and the distillate treated w”ith benzoyl 
chloride according to* Banmann-Schotten, 1.2 grams of methyl benzoate being 
obtained in this manner. A slight excess of dilute sulplinric acid w”as now” added 
to the alkaline solution in the distilling flask and the wiiole wns then extracted 
w”itb ether, the latter being shaken out with small portions of w'ater to remove 
acids soluble in that medium, these extracts being added to the aqueous por- 
tions, This w”as now' distilled w'ith steam, the distillate on titration with 
standard alkali show”ed 5.54 grams of volatile acids calculated as acetic. The 
barium and silver salts of the acids were prepared from this distillate and 
analysed. 

L 0.6916 grams barium salt gave 0.64G6 gram barium sulphate. 

IT. 0.5195 grams barium salt gave 0.4872 gram barium sulphate. 

Found Calculated iper cent) for 

(percent). Ba(CH0.2)2 

T. Ba. 55.06 4S.7 60.7 

II. Ba. 55.10 

I. 0.2005 grams silver salt gave 0.1897 gram AgCl 
II. 0.2050 grams silver salt gaA’e 0.1885 gram AgCl 

, Calculated (percent) for 

(percent) AgC.jH.‘;Oo AgCHO- 

I. Ag. 09.1 64.6 70.58 

IL Ag. 09.1 

This aqueous solution of the acids reduces potassium permanganate at once, 
and readily converts mercuric to mercurous chloride. These results, taken in 
conjtinetion with the analytical data and the fact that it was impossible to 
obtain a white silver salt, leave no doubt but that formic acid was present. 
The hgiires obtained for the silver salt are natnrally dilTerent from tiiose for 
the barium compound because of the slight reduction to metallic .■silver caused 
by the formic acid. 

The etherial ■ solution containing the acids not soluble in water was ikw 
repeatedly extracted W’ith small portions of a solution of sodium carbonate. In 
this manner there w”ere isolated 9.6 grams of solid acids having the appearance 
of benzoic and giving a test for salicylic acid with ferric chloride. The benzoic 
and salicylic acids were se])arated-, by conversion of the salicylic acid into the 
A^ery insoluble dibromsalicylie acid, 0.6 gram, melting at 221° (found, bromine, 
,57 per cent; calculated, 57.4 per cent) sufficient Avater being used to keep the 
benzoic acid in ' sohition.^^ The remaining acid, after extraction and one crys- 
tallization from ligroin was 7,7 grams of pure benzoic acid melting at 121° to 
122°. After removing the acids, 0.9 gram of phen<»ls having an odor resembling 
that of isocugenol and giving a green color witli ferric chloride Avas isolated. 

A methoxy] determination jiccordiiig to Zeisel gave the following numbers: 
0.92 gram of oil gave 9,1405 gram silver imlide (H|uivnlent to O.OSI grams of Oil;., 
This AV(mld represent 9.99 per cent of, the total <dl or 0.66 grams ClhiOll whicb 
would give 2.92 fier cent of the total oil ns OHdiTL U would rcipiire 2.5 grams 

« Sharpe: Zisch. f. An. C7tew. (1893), 32, 107, 
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of cum to form the laethr] esters with the 9.0 gninis of solid acids wiiich weiv. 

foiiml. . . T . jj 

Tiie neutral portion of the sapoiiifioation product distilled 'in vacuo gave, tlie 

foliowiiJg fractions: 

Number 1; 37 grains; B. P. 90° to 120^^ at 3/ iiiiii., 10. o, N 

= 1.47S. 

Number *2; Id.r) grams: B. P. 120° to 130° at 34 mm.: =r:--31.2°; 


==1.4797. 

I) 


Number 3: 17.5 
30 ° 

= 1.4943. 


grams; B. P. 130° 


to 150° at 30 mm.; 



-77.7°; 


Number 4: 9.5 grams of resinous residue. 

Treatment of fraction 1 with dilute, aqueous potassium ])ermaiig{uud.(‘ gives 
benzoic acid melting at 122°, thus proving the presence of benzyl alcohol in tliis 
fraction. 


The above results gave the composition of ylaiig-ylaiig oil as follows : 


Component. 

Ter cent. 

Noutral 

81.50 

Formic and acetic add.s 

5.54 

Benzoic acid 

9.00 

Salicylic acid 

0.00 

Methyl alcohol 

2.02 

Total 

90.50 


Several attempts were made to isolate an aldehyde from ylang-ylang 
oilj as treatment of the oil with fuehsine and sulphur dioxide gave the 
color change characteristic of aldehydes^ but plienylhydrazinc sliows no 
trace of reaction with the oil and on shaking thoroughly with freshly 
prepared and very active sodium bisulphite no such bodies could be 
isolated by the usual means; so that no more tlian a trace ol: aldeliycles 
can be present in ylang-ylang oil. Tlie work with 100 eu])ic centimeters 
was repeated with 1,000 grams of ylang-ylang oil in the liope that the 
decomposition of larger quantities would lead to the discovery of cjon- 
stitnents heretofore not recognized. 

: B&^erment B.~One tbousund' grams of good quality ylaug'ylaug ' oil from 
.Kueva, Caceres and having the following constants: 'Specific 'gravity, =0,912; 

'' 30^ ' ' 30° ' ' . . ^ ^ 

^45.6°;’ N-—= 1.49204 ester number, TOO, were used. ' 

The oil was saponified in four lots, the first three by using 200 cubic centi- 
;meters of oib and, 35^ grams' of', potassium hydroxide dissolved Tn, 150, cubic centi- 
meters of 02 per cent alcohol the final one of 497 cubic centimeters qf oil was 
hydrolyzed with fiO grams of potassium, hydroxide dissol^^^^^ cubic centi- 

meter's of the same solvent. Within a few minutes after the alcoholic potash was 
^ the became er^^tafs of the potsissium salts of the acids. 

¥o proved by a special) experiment with, a 
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sample of first quality oil in which the solhl formed by saponification was filtered, 
well washed ^^ith absolute other and decomposed by dilute acids, the resulting 
substances being benzoic, salicylic, formic and acetic acids as well as a very small 
quantity of phenols. 

The contents of the first thn^e flasks were completely saponified by two boiirs’ 
heating on the steam bath witli a rellux condenser, the last fraction by one week’s 
standing at room temperature. The procedure used in working up the product 
was like that given in the details of experiment 1. 

The solid, acid portion: I'he total amount was 91 grams. The ]>erjzuic and 
salicylic acids were separated by means of their esters, salicylic methyl-ester 
being soluble in a 10 per cent sodium hydroxide solution. The inetbyl esters after 
this separation, boiled almost constantly at 19d^ and 2-24°, respectively, so that 
there would seem to lie no reason to suspect any acids other than benzoic and 
salicylic to be present in the solid, acid portion. The total (quantities were 6 
grams of salicylic acid and So of benzoic. » 

The soluble acid portion: The alkaline, aqueous solution was first evaporated 
to a small bulk in order to remove all neutral volatile substances. It tvas then 
rendered acid with dilute sulphuric acid, and the volatile acids were distilled. 
The total volatile acids, calculated as acetic acid, were C3.5 grams. Barium 
salts were prepared and gave the following analytical data : 

0.6905 gram barium salt gave 0.6521 gram barium sulphate 

„ , Calculated (per cent) for 

Found 

(percent). Ba(C2HyOyt2H.jO BatHCO:.). 

Ba 54.97 48.70 60.3 

Naturally, the percentage of barium found gives no due to the relative propor- 
tions of the two acids present becau.se of the differing solubilities of the salts, 
the acetate of barium being more soluble in water than the formate. The solu- 
tion of the soluble aedds reduces potassium permanganate and also mercuric 
chloride, and as neutral salts have been prepared from the solution with a 
greater percentage content of barium than is in the acetate, the only conclusion 
is that formic acid is present. 

The formic acid was estimated according to the method of H. C. Jones by 
heating with an excess uf standard potassium permanganate in the jircscnee of an 
alkaline carbonate, then adding a known excess of oxalic acid, and titrating back 
wdtli potassium permanganate. The result showed that frrnn the original kilo 
of oil tliere were separated 41,2 grams of acetic and 17.1 grams of formic acid. 

A portion of the barium salts of these acids was treated with ethyl alcohol 
and (‘oncontratecl sulphuric acid; the re.suUiiig estex's possessed the characteristic 
odor of ethyl acifiate and formate and no odor was noled suggesting the presence 
of acids other than ilsose nainiMh Ueychler states that he has ohscrve<l a 
pronouncefl, rainfid odor ia the mjiicMms mother litpiors, suggvsiiug snuiH anionnt.s 
of the. higher fatty aidd.s, I could confirm In.s observafhni and I Ixelieve thmx* is 
a trace of valerianic acid in the mother liquor. 

The phenol fracHofu — This was in all 10 grams. The phenols gave a green 
color with ferric chloride and an odor resembling that of kreosol (the S-niethyl 
ether of liomopyrocatechin (CsH.j(CHs) ^ tOCH 5 )®(OH)^’l was noted in this fraction. 
There wixs separated fx’om this fraction according to the method of Baumanxi- 
Scliotteu' by the action of benzoyl chloride a small amount of puro-kresed hm- 

^ Am. Chem, J. ■ { 1895) , 1 7, 539, 

. . ' Z/oc?*' dt ■ ' ■ _ 

69330 — ' '3 ' 
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zoate, nieltin,^ at 77° and isoeiigenol is also present. 1 liave not ntteiii])i(Ml 
tlioruiiiilily to study the phenol fraction because of its small ainoniit and because 
it lias been well identified by Sebinimel & Coinpaiiyd'^ 

The iiciitral fractions after sliaking out the alcolud as tboroiiobly a.s possibb', 
was dried over anhydrous sodium sulpliate, as caicium chloride W'as dillicnlt to 
reinoTe, botli because of the presence of ethyl alcoliol and hecanse of (be solid 
compouiids which may ])e formed with benzyl alcohol and witli p;eia.nioI. 

The total neutral oil weighed 808 grams; it was subjected to ihree car(‘tu! 
fractionations in t'cwurh using a column of glass beads in a high-necked distilling 
flask. The fractions obtained, together with their physical constants, a,r(‘ given 
in the following table 

Table V . — Fractions obtained hy disiUliny the nvutral oilfi lejt ajler saponiji/ing 
1,000 grams of ylang-ylang oil and remocing other conslUmnis. 


No. 

Boiling point. gp 

i ‘)f^O 


950 

xrrl. 

Amount 

(grams). 

Pereeni- 
age of 
hydroxyl 

15 mm. 1 760 mm. | ^ 

1 

! 1 

57®-6S«: 16(P-170q| 0.680 

-fll.o 

1.4807 

8. 1 

0.5 

i •> 

iW- 75« : 170®-17.5'5 | 0.003 

H- 1.2 

1.4851 

17.6 

1.4 

3 

750- 80° ; 175°-180o 1 0.913 

~ 5 

1. 4850 

16.4 

2.2 

1 ^ 

800-85*^ 1S0°-1S5° 0.902 

- 8,9 

1.4803 

10.1 

8 


85*^- 90® 1850-190® j 0.889 

-12.8 

1. 4750 

18. 3 

11.07 

1 ' 6 

90°- 95° i 1 0.8885 

-15.4 

1. 4750 

71 

13.6 

1 ' i 

95^-98°: • 0.8895 

—15 

1. 4764 

124 

11.6 

! S 

1 980-105® : 0.9131 ' 

i 7 

3.4862 

25 

11.2 

9 

105^-115°: : 0.9045 j 

- 10. 5 ' 

1,4869 

I 32 

10. 3 

1 10 


" - 24. 2 ! 

1.4896 

61 1 

8.4 

1 11 1 

125®-130® : : 0.9065 j 

-64.4 1 

1.5060 

79 

0.,5 

i 12 

130° (con.) i 1 0.8926 1 

-74.4 ! 

1.5055 

117 

0.13 

1 


r Total exeent residue 



588. 5 i 


13 

1 Residue, pleasant smelling tar and polyterpenes 

172.0 



1 Total — 



760.5 






' ^*Loc. cit. . ' ' ' 

^®This method of fractionation mth a column of glass beads has bemi lined 
by Micimel and by Freer for many years and gives exceedingly satisfactory results. 
For a smiill dash, a test tube is drawn out to a capillary and the uppew en<I so 
cut off as to rest rather snugly in the neck of the distilling flask, (llass beads 
are then filled in to within I or 2 centimeters of the exit tube. A properly 
prepared tube gives a continuous Hireani of small bnbbleH from ifs capillary end 
:,b^w&e of Idle,, smalt reservoir just 'below the glass beads, so tbaivthe distillnfion 
in mtno proceeds smoothly and ivithout bumping.' . If it Is Aleaired to introduce 
a. stream of air or other ga's through a capillary, as it is' advisable ,to do 'w'hen 
dealing with large quantities of oils, the I)eads rest on a piece of platiniim gauze 
. supports by a test tube or suitable bent rod. The separation effected by tlie 
gto ImiMMmnm of th« ma% -point?: of gkss' cb'ntact, if 'surprisingly efficient,^ 
limiter than with bulb forms of "Iraetipiiing; apparatus, and the vapor 
f ii^t nearly a? high as wito the older forms of apparatus. ■ 
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The figures given for tlie percentage of hydroxyl in the seventh column of the 
table were obtained by the Grignard reaction, in accordance with the metlioil 
proposed by Zerewitinofi*/*’' In using this method, methyl iodide divssolved in 
amyl ether is ti-eated with inagnesinm and the amount of methane given off by 
adding an alcohol to the resulting magnesium methyl iodide is measured. This 
represents the amount of liydroxyl in the added compound, the reaction being: 

ROild-GhbYlgl ClL-f lIOMgl. 


Idle method is exceedingly convenient after the reagent is preparedj it is 
quick and uses only about 0.2 gram of oil. It bids fair to displace the older 
method of obtaining the acetyl niimher. It is well known that with many 
alcohols, as for example with linalobl, the standard methods give an acetyl 
iiiimher many percent too low. This new method promises to give more accurate 
numbers and is so exceedingly convenient that we are now testing it thoroughly. 
The results I have obtained in my first senies are as follows: 


Linalodl 


Geraiiiol 


Bimzyl alcohol 


Found hydroxyl 
(per cent). ‘ 

10.95 
11.4 
11.2 
11.3 
11.1 
11.1 

11.3 

11.4 

11.2 

15.5 
15.T 
15.9 
15.9 


Caiciited hydroxyl 
(per cent). 

11.04 

. 11.04 

1 IS.T, 


1 


The formula itsed in ealeulating the percentage of liydroxyl is as follows: 

X (per cent OH) =0.0704^ 

wliere Y=voliime of Cdlj at 0° and 760 millimeters and S is the weight of 
substance talcen. 

Fractum 1 always presented an odor very mneh resembling that of amyl or 
hexyl alcohol- By treating this fraction with benzoyl chloride according to the 
method of Baumaim*8cholten and redistilling In mean, this odor, is removed, 
ilH‘ fraction th(?n assumes t,ln‘ odor of terpeiUNs and f wus able to obtain a few 
crystals of pinene nilrosyleldoride melting at 103° from this low-boiling |>oiiion. 
This, together with the fiptical rotation of this fraction would indicate the 
pj’csenee of d-pinene in small quantity. The boiling point of the first three 
fractions Indicates that very little pinene is present. A verv small percentage of 
hydroxyl was also found, so that the major part probably consists of other terpenes. 
The presence of limonene could not , be pi'oved. As these terpenes are of no great 
importance in determining the odor of yiang-ylang oil, no further attempts were 
made to identify them, ’ ■ 

^^Ber.A. chem. Ges. OOl), 40, 2023. 
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Fractifjtis 1 to 5 seem to consist of a mixture of iorpenes wiili linaloiU and 
beiizrl alcohol, with ix)ssi!dY a small amount of amyl or liexyl aleoliol. A spcHoa! 
expen'ment made to separate the terpenes from the alcohols by means of i,he 
Grigiiard method according to the equation 

CHsMg-I-f QoK.sOH ->QoH,sOMgH- CB, 

demonstrated that linalodl as well as the alcohols of ylang-ylang oil give addition 
products which are soluble in ether, so that no separation wa,s possible. 

Fractions 6 and 7 . — These fractions possess an oclor much like that of linalodl 
and in addition another, sweet one, is present. Oxidation of 9 grams of the 
united fraction wdtli dilute potasskiiu permanganate gave 1.2 grams of benzoic 
acid melting at 121°. This corresponds to 13.3 per cent of benzyl alcobol. 

A small portion of these fractions was oxidized with potassium biclironiate and 
dilute sulphuric add, and by this means the odors of beiizaldehydo and of citral 
were obtained. 

The fractions 6 and 7 were also heated wdth finely powdered calcium chloride 
for one hour on a steam bath and then kept in a cool place for twenty- four hours. 
A solid compound with calcium chloride separated, this was filtered with the aid 
of a pump, and w’ell washed with ether. Twenty-nine grams of an oil boiling 
between 200° and 206® at ordinary pressure were obtained on decomposing this 
addition prodiict with water. This body had the odor of benzyl alcohol a,iul 
proved to be the latter almost in its entirety by conversion into benzyl Jiceiaie, and 
also by obtaining an 85 per cent yield of benzoic acid by oxidation. The liquid 
not entering into combination with calcium chloride, proved ii.self to be almost pure 

linalool, as is shovm by tlie following constants: Specific gravity, -—=0.8586; 

T 

OAC OAO 

A— = — 16®; N"--"= 1.4655; boiling point 190° to 195° at ordinary pressun*. 

The odor of this portion was identical with that of linalool, ami citral was 
produced from it by oxidation with potassium bichromate. 

Fraction d.— This portion wms sepai*ated into 10 grams of benzyl alcohol, 11 
grams of linalool, and 3 grams of an oil which solidified with calcium chloride, 
boiled at a higher point than benzyl alcohol and tlierefore from its odor ami the 
formation of an addition product with ealciiim chloride it was deiermined lu b(‘ 
geraniol. ; 

Fraefioft SI.-— -This fraction, on treatment with powdered calcium chloride im- 
mediately became hot and solid. This method of separation gave 8 grams of an 
oil not acted upon by calcium chloride and having a. refractive imlex of 

= Tltis jKU'ikni hml ihe.tHlor. td' safnd. Oxidization, with acid poins- 

shini ^bichrfuna'ie gave ffie odor of heliotrope. TUc oil' whi^tb was HCf'jara.tcal from 
chloride compound possessed a pronounced geraniol oflor, boiled at 

115'' at 1:0 'millimeters;. specific gravity ™=CK88l; N?^^-' = L4821. ' 

Fraction 10 was similarly separated into 12 grams of gerahiol, a small amount 
of and into sesquiterpenes, 

U aM M consisted almost entirely of', sesquiterpenes,/ 'pimong which 
h fiesenl* as a small yield of, cadffiene hydrochlmdde' melting at '117®' 
flaked, on trmiMg U grams of this fraction, dissolyed' in/ 'ether, .with dry 
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SUMMARY OF RESULTS. 

Ylang-yjang oil is thus seen to contain the following substances: 
Formic, acetic^ Yalerianic (?),, benzoic and salicylic acids, all as esters; 
methyl and benzyl alcohols ; pinene and other terpeiies, liiialool, geraniol, 
safro], cadinene and other sesquiterpenes; engenol, isoeiigenol, p-kresol, 
probably as methyl ethers ; and kreosol. 

Many of the esters which could possibl}’ be formed by a combination 
of tlie isolated alcohols and acids have been prepared in tliis laboratory in 
order to become familiar with their piuperties and especially with their 
odor. It seems of interest to give notes in regard to their piuperties. 

Benzyl saJieylate .^ — Yo record appears in the iiteratiire of the prepai’ation of 
this compound. It is made as follows: 2T.4 grams of salicylic acid are neutralized 
with 11.2 grams of potassium hydroxide and the solution evaporated to dryness. 
This potassium salt is heated to 200® for four hours in sealed tube with 25 
grams of salicylic acid and 25.2 grams of benzyl chloride. On opening the tube 
no pressure is observed and all of the benzyl chloride has disappeared. There is 
obtained 26 grams of a colorless, viscous oil boiling between 186® and ISS® at 10 
millimeters. The odor is slightly aromatic and pleasant, but not powerful. The 
oil, after three months in the ice box, has not solidified. Five grams of the 
ester saponified with alcoholic caustic potash, gave 2.4 grams of salicylic acid 
melting at 155® (recrystallized fi’om w’ater), and the acid was further identified 
by conversion into the methyl ester. There also resulted 2 grams of benzjfi 
alcohol, boiling at 204® and converted into benzyl acetate. 

Benzyl benzoate has been prepared by the action of sodium benzyiate on 
benzaldehyde. The method used in this laboratory was as follows: 50 grams of 
sodium benzoate, 50 grains benzoic acid, and 43 grams of benzyl chloride were 
heated on a reflux condenser in a metal bath at a temperature of 200® for two 
hours. There resulted 46 grams of oil boiling between 315° and 320°. Benzyl 
valerianate and benzyl butyrate were also prepared by the same general method, 
the yield being very good. The method formerly in use, which employed the lead 
salts, did not give good results. '■ , 

Benzyl valerianate can also be prepared in almost quantitative yield by the 
action of valeryl chloride on sodium benzyiate. The properties of this body 
correspond to those given in the literature. The odor of this ester is not as 
sweet as is that of benzyl acetate, it being more like that of fruit. It is almost 
certain that there are traces of benzyl valerianate in ylang-ylang oil. 

Benzyl-methyl ether is obtained in almost quantitative yield by heating benzyl 
chloride with a slight excess of sodium methylate dissolved in methyl alcohol, 
in a sealed tube to 120° for two hours. The transformation is not complete if 
these same substances are heated only in an oil bath on a reflux condenser, and 
in addition the benzyl-methyl ether always contains chlorine. 

Benzyhmethyi ether is a colorless oil boiling between 166® and 168°; it has 
an almost namseatingly s\veet odor. There is probably a very small amount of it 
present in ylang-ylang oil. 

Benzyl formate . — Benzyl chloride is heated with a slight excess of potassium 
formate dissolved in formic acid in , a sealed tube at 140® for two hours. The 
body boils at 84® to 85° at 10 millimeters pressure and has an odor sweeter than 
that of benzyl acetate^ but much like it. The yield is over 90 per cent by this 
method. It is necessary to use a sealed tube, as benzyl chloride does not dissolve 
ill 'absolute formic aqid at' lOQ®. 
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Gcrmiirjl-meihyl e//?er.—Tliis body was prepared from the sodiimi derivative^ 
of ,ixeranioI and methyl iodide. It is a colorless oil^ hoiliri<^ I)t*,t\voeii IhO'^ and 
105® at 10 millimeters and at .208® to 212^ at ordinary pressure. Its odor 
resembles that of geraniul^ but it is more like that of grass. 

hitidlfjol-meihifl efher is prepared in the same manner as geraiiiohmethyl (hJier, 
it boils between 189° and 192°, and its odor is not very diirereiii from thai of 
liiialool, it is not as fragrant as that siibstainH*. 

Genmiol hen-oaie was prepared by the Bauman n-8tdiotteii nudhod, using lo 
grains of geraniol and 10 grams of benzoyl cdiloride. The oil boils lud wo'en 198“ 
and 200° at 15 millimeters. It has quite a pleasant odor, mncdi lik(^ that of some 
of the higher boiling fractions of ylaiig-ylang oil. 

SYNTHESIS OP YLANG-YLANG OIL. 


An attempt was made to prepare an artificial product to test (lie an- 
enraey of these studies on the composition of 3dang-ylang oil. fol- 

lowing substances were used : 

Methyl benzoate; benzyl acetate and formate; benzjd methyl ether (trace) ; 
benzyl valerianate (trace); methyl salicylate; benzyl benzoate; eadinene; safrol; 
isoeugenol -methyl ether; eugenol; kreosol; methyl anthranilate (trace) ; p-ko'CHol- 
methyl ether; 2 ;-kresol acetate. 

With these ingredients a mixture was compounded smelling dccioptively 
like good ylaug-ylang oil. The fluorescence of ylang-ylang oil, wliidi 
is alway.s present to a greater or lesser degree, is probably due to the pj’cs- 
ence of methyl anthranilate. 

The above work, and that of others demonstrates that ylang-ylang oil 
has a composite odor, derived froin that of many eonstitnents. WJiile it 
is possible to make a very good artificial ylang-ylang oil, I do not believe 
that distillers of the best quality of ylang-ylang oil have much to fear 
from this competition, as the odor of a first-class oil seems to have more 
permanence than that of the ai-tifieial product. This is a result, 1 
believe, of the presence, of sesquiterpene alcohols and fragrant resitiH in 
the fonher. 


^ Work on the physical constants and methods of analysis of ylang-ylang 
oil will be continued as fast as material is available. The futuj'Ci do- 
terminations, in addition to the constants given in this paper will inelnde 
the acetyl number, and if possible’ a phenol u'umber. TJie a(;etyl number 
, is undoubtedly ^of much importance, as is evidenced from the large 
; pweentage of fragrant alcohols found in ylang-ylang oil. Our first 
, ' iju&iy qf ,oil;gave an acetyl n’umber of .74, while a second quality only 
gave one of 42 . We will also in our future work use a constaTit equal 
to the sum of the ester and acetyl numbers, thus representing the total 
amount of alcohols and ^ters in the oils. Such a number for the last 
'nmtioned fest quality oil was 174 as compared to 110 for the second 
' from _ a few simple ana- 

' as to the composition of 

^ ^ ^adge of its 



THE COMPOSITION OF HORLICK’S MALTED MILK. 


By George F. Htciimoxd and W. E. ]\rrsGEAVE. 

(F)'o)h iJio (Jfiem'u'ffl and Biological Laboratories, Bureau of Seienee,) 


Since the piilJieation of oiii* 3 nonograph ^ on "'Tiifaiit Feeding and its 
Influence upon Infant Mortality in the Philippine Islands'' our attention 
lias been directed to errors in the quoted analysis of Horliek's malted 
milk given on pages 37*5 and 378 and also our observation on page 371 
that the greatest objection to malted milks as infant foods lies in the 
large amount of insoluble carbohydrates which they contain. The anal- 
ysis of Horliek'^s malted milk therein quoted was taken from Chapin - 
who in turn quotes McGill^" who reported upon 103 samples representing 
22 different brands of infant and invalid foods as found on the C-anadian 
market. His results upon the malted milk in question are the mean of 
nine separate analyses made by himself and others and are as follows : 


Moisture 

Per cent. 
2.55 

Fat by petroleum ether 

1.41 

Loss to alcohol and water 

03.87 

Total albuminoids NX 0.25 

14.00 

Starch fiber, ash, etc., by diflerenee 

15.68 

Ash 

3.57 


The manufacturers of HoiiiclPs malted milk maintain, first, that the 
percentage of fat, 1.41, as quoted is grossly in error and refer to analyses 
by Smith ^ who found over six times as much, namely, 8.75 per cent, 
Chittenden ^ who encountered at least 8 per cent, and to European work- 
ers, including the British Analytical Control and tlie Glasgow Corpo- 
ration, who reported 8.85 and 8.8 per cent respectively; second, that the 
proteid content, 14 per cent, as found by McGill is also below the true 
value of 16 to 17 per cent claimed and based upon the analyses covered 
by the above references ; third, that 0.05 per cent represents more nearly 
the true content of insoluble carbohydrates in their product. Manifestly 

yTJm Jour, Sec, B ( 1907 ), 2 , 4 . 

® Theory and Practice of Infant Feeding, 2d ed. 1904. 

® Bull. 59, Lahy. Int. EeT. Dept., Canada. 

^ Holt on Infancy and Childhood, 1902. 

Dietetic md Bp giem U(tiseUe,;lS9$. , 

' . ’ : 4 'v ' ^ ,'87 ; ' '■ 



FJCHMOND AND MUSGRAVE. 



siicli variation in the percentages ot the iniportant ingredients oi: aii 
established food stuff are well worth iriqiiiry. Tri the interest of fairness 
to the loaiiiifactiirers and ourselves, theretore, we determined to njaJve 
a personal examination of tlie product as found ojl the l\fa.nila nia.rket. 

It has been known for some time tliat Adanrs So.vlilett e\Lra-('tio,n 
method for the estimation of fats failed in the presence of ('onsidionhlt? 
quantities of carholmlrates and that some other method of procediirt^ was 
necessary in order to obtain a inaximum yield of fat in swe(d:en(;d (con- 
densed milks^ milk powders and malted milks. Modi [nations of tlio 
Soxlilett method such as drying a highly diluted a.queoas solution of due 
material on large surfaces^ interstratifyhig the diied ]}owder with soincc 
inert substance such as sand or asbestos or finely grinding the d ried powdeer 
with powdered glass^ before extraction with organic solvents^ will increawj 
the yield somewhat. The percentage of fat in Horlick''s malted mi Ik 
determined in this laboratory both before and after grinding tlic d.ricd 
powder with powdered glass was 1 A’8 and 2M per cent respectively. Tim 
well-knoTO Babcock volumetric method is also not suitable for such 
products because of the charring action of concentrated sulplnrric acid 
on the carbohydrates. Leach’s^ modification of the Babcock process^ 
which consists in separating the sugars from the fats and proteids by 
means of copper sulphate before the addition of sulphuric acid;, is not 
very satisfactory when applied to malted milks because of the difficulty 
of accurately sampling the material and in reading the volume of fat 
obtained. 


Several trials on Horliclrs malted milk with Leaclhs modification of the 
Babcock pr(x;ess gave an average of 8.32 per cent of fat. 


Cochran/ with a modified Babcock bottle and by the use o;l: equal 
volumes of 80 per cent acetic acid and concentrated siilplrurie acid,, claiins 
that the charring action is much less than when concentrated snlphuri<; 
acid is used alone., Instead of centrifugating lie separates tlio fat by imnins 
of eiher, which is evaporated before the volume of fat is taken*. Here 
again the same difficulties in introducing a very- hygroscopic powder into 
the najTow-neck fla^k and in reading the correct volume of fat a.re 


encountered. However, it is only fair to state that our attempts to obtain 
concordant results with Cochran’s, metliod were made with the ordinary 
y: Babcock bottle which, does not provide 'for auffieient means' of escape of 
',:jfiie'eth,er,yapoiv ;in this laboratory ■, much better ^ results were' obtai.aed 
hy precipitating the prote^ in malted milk with acetic acid and heat 
and by subsequent extraction of the dry precipitate with petroleum ether. 
„ Out exact procedure was as follows: A l-gram sample of tlm air-dry 
■powder was tigered to a small breaker, 25 cubic centimeters o,f water 


1^' w© tp, a eoTOpletelj hojapgenpotis solution. ; It' 

‘ * ,1 ' -.'i Vi ..i ' ' V k,' j ' ^ • 
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was then acidulated with 5 cubic centimeters of 1 per cent acetic acid 
and heated on a steam bath until the albiuninoids separated in coarse 
floccules, aftei* which it was filtered through a weighed platinum Gooch 
crucible and washed with water until the washings were free from carbo- 
hydrates. After drying, tlie crucilde and its contents were transfered 
to a direct extraction apparatus and exhausted 'with pretroleiim ether, 
The fat was then determined from the loss of weight of the cnieible or 
from the weight of the petroleum ether extract. A mean of four deter- 
minations by this method gave 8. IS per cent of fat. That all the fat 
is carried down and retained in the Gooch was evidenced by negative tests 
for fat in the clear filtrate. 

Trillat and Sauton ® have described a new method for the determi- 
nation of proteids in milk which is identical with the procedure given 
above for the determination of fat, with the exception that they add 
5 drops of commercial formaldehyde to the diluted milk before acidulating 
with acetic acid, they also extract the dried yn'ecipitate with acetone 
instead of ether. They claim that no proteids could be detected in the 
filtrate by any of the ordinary reagents. 

It was hoped that the process as followed would also serve for the 
estimation of the total albuminoids in malted mihvs, but it was found that 
the filtrate contained at least one-half of the total proteids of the original 
powder, furthermore that the fat-free residue left in the Gooch crucible 
contained about 2|- per cent of nonnitrogenous matter calculated on 
tlie original weight of malted milk dissolved. The nonnitrogenous 
matter thus found was not due to incomplete removal of soluble carbo- 
hydrates, nor was it mineral in nature, for the ash content of the filtrate 
accounted for the total amount of ash found in the malted miliv by direct 
estimation; therefore, malted milk undoubtedly contains nonnitrogenous 
organic matter insoluble in excess of boiling acidulated water to that 
extent. 

Tlie detailed results of our anatysis of HorlicFs malted milk is given 
in th.e following table and represents the mean of four separate analyses : 

Per cent. 


Moisture (loss at 100° C.) 4.03 

Fat (by petroleum etber) 8. IS 

Total albuminoids nitrogenX6.25 16.64 

Total soluble carbobydraies (loss to boiling 

water) 64,47 

Insoluble nonpi'*oteid organic matter, starcb 
fiber, etc. 2.60 

Mineral matter 4.08 


Summary : First, the comparatively high moisture content is readily 
explained by the greater relative humidity of this climate; second, the 
samples examined in this laboratory contain at least 8 per cent of fat. 
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The fat content of a prepared food in wliicli cow’b inilk is an irnj)()ria,nt 
ingredient will be subject to considerable variation., but amounts a,[)- 
piminiating 9 per cent as reported by otliers are probabl}' too high, du(3 
in most eases at least to approximate volmnotric methods of (‘s1 iinatloii ; 
third, tlie malted milk contains 2.0 per cent of nonnitrogeiioiis organics 
matter insoluble in hot water which reduces the total soliilihi caihohyd rains 
from (j?.03 per cent (the average of three determinations from didVrtmi 
sources) to 05.03 per cent which is in close agreement with oiu* resiiNs 
and which more nearly represents the actual amount of solubb^ car- 
bohydrates present; fourth, the malted milk in question {contains be™ 
tween 16 and 17 per cent of proteids which figures fully substiui™ 
tiate the claims of the niamifactxirers in tliivS respect; fifth, iho pi-oduei 
contains about 4 per cent of inorganic salts, which tignre is also in dose 
agreement witli the average of previous findings. 
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THE RELATIONSHIP BETWEEN THE EXTERNAL APPEARANCE 
AND THE ASH CONTENT OF PHILIPPINE COAL. 

A quantity of coal from a mine south of Sydney, Australia, sent to 
this Bureau in 1^)07 foi* test. The coal was fairly coinpaet and for the 
most part with a hackly fracture. It was markedly characterized by al- 
ternating dull and lustrous bands parallel to the bedding planes. The 
lustrous bands were usually not over a few niiiliineters in thickness, while 
tlie dull layers were many times that. Tlie lustei of the lustrous bands 
was cjuite brilliant, approaching the vitreous appearance of obsidian. It 
occurred to me that the difference in the brilliance of the bands might be 
due to tlie content of earthy matter. The two were carefully isolated 
and the ash determined as follows : 

Dull portion Lustrous portion 

(per cent). (per cent). 

12.1 2.6 

These numbers show that without doubt a large part of the difference 
ill luster is due to the ash content. 

I do not think that coals from entirely different sources are to be 
compared, but it is quite probable that the luster of coal from the same 
.vein or same field may vary inversely as the content of earthy matter. 

I have already called attention^ to the striking similarity between all the 
coals thus far discovered in the Philippine Islands, and I liave arranged 
the record of a number of samples of these together with some from 
Australia in the order of their descreasing ash content, in the following 
table : 


Philippine vmln arnuiged in order of drereasc in ash con lent. 


Source of coal. j 

t 

j 

Ash 

(per 

cent). 

Luster of the coal. j 

Tayabas, Mauban I 

SI. 50 

VexT UuH. 


18.00 

Bull to sublustrous. 

Batan TsIrtkI , , ■ > ■ , 

14.70 

Dull, ! 

Negros — — « — , — — 

14.23 

Dull to very lustroxis, uneven. i 

Australia 1 

12.55 

Dull to lustrous, uneven. ' 

Australia* ; ; 

12.01 

Dull, j 

Australia ' 

0.99 1 

1 

Dull for the most part. Streafe i 
very lustrous. ; 

Nogrop, EscRbxnfC : , . ■ ... 

9.55 

Sublustrous to lustrous. 

Siirigao„„ - — 

9.06 

Sublustrous, uneven. I 


a Given above. 


^The Mineral Resources , of the Philippine Islands, Bulletin of 'the Division of 
Mines, Bureau of Science, Manila, 1 9QS. ^ 
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Philijjphtt' coah arvarujpd hi order of drcreoi^r in (U% eonieni Cotitiinied. 


Source of coal. 

Asli 

filer 

cent). 

1 

Lnsler of the coal. 

, Philippine Islands 

7.SG 

Sublu.st rolls. 

Oebu. nearCarraeu 

7. -IS 

l>o. 

Philippine Islands 

7.22 

SubliiKtrouK to lustrous. 

' Pliiii|>puie Islands i 

ti.9r> 

Sublustrous. i 

CebUj near Carmen— 

0. 50 

Siiblustrous to lustrous. 


0.20 

Lustrous. 

Polillo 

0.00 

Dull to lustrous. 

' Polillch Vista do Biirdeus 

4.88 

Sublustrous, unovcti. 

' Cebu, Libing-bato 

4.17 

Lustrt>u.s. 

Batan Island. 

4.12 

Suld iistrou s, 11 11 e y ( ‘ 1 1 . 

: Cebu 

3.81 

LiivStrous. 

, Ziimhojinp^fl _ _ — - 

3.77 

Do. 

- Tftvabas, Antiinonan 

8.70 

Dull to lustrous, imevon. 

Sainai' 

3.49 

Lustrous. 

Cebu, near Carmen - 

8.28 

j Do. 

: Australia a ' — - 

2.60 

Very lustrous. 

i Batan Island, Military Reservation, coal seam No. 5— 

2.50 

: Lustrous. 

i Rock Spring, WjToming 

1.92 

Sublustrous. 

^findnrn, "Rnliibifun _ . 

1.61 

Do. 

* near Carmen... ^ 

l.GI 

Lustrous. 1 



1 


a Given above. 


These lusters of these coals were nearly all (leterniined at tlie suiiic 
tiniej they are therefore comparable and show that to a marked oxi.ent 
they depend on the content of earthy matter. 

Perhaps there are also other conclusions which may be drawn, fi'oiu 
the ash content of a coal. It is generally known that the. value of a 
coal increases with the size and continues until egg size and lump ava 
reached. It is also generally true that the heating power advaiu'-es iii i;h(i 
same manner, but by no means in the same proportion as tin^ above 
factors. This increase is clue, barring physical conditions, iiniinly to ihci 
diminished, quantity of ash which may be seen from the following hgurcs 
of Mr. Somermeier.® The sample was thoroughly air-dried and separatcu! 
by sifting into various sizes and analyzed by the offudal mcdhod as nolcd 
below : ^ ' „ ' ' , ' 
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The greater percentage of moisture in the fine coal is probably ac- 
counted for by the phenomena of adsorption. The fner the coal the 
lai-ger the surface exposed and consequently the greater the quantity of 
^^'ater abstracted from the air and held upon its surface. 

Altix- J. Coa. 


STARCH PRODUCTION IN THE PHILIPPINE ISLANDS. 

The cassava plant (MaiiUiot utilisduia Pohl ) is found in all parts of 
the Philippines. The Tagalog name is camoVmg calioij. In the northern 
islands the tubers are extensively used by the natives as a food during 
times of need^ while with the Moros it forms a staple article of diet. As 
all Philippine yarieties of the plant contain considerable quantities of 
hydrocyanic acid; the tubers are not used as extensively for stock food 
as they should be; for the natives generally do not understand how to 
treat the plant so as to remove this poisonous acid. The problem of 
obtaining a good and cheap stock food is an exceedingly important one in 
the Philippines, htotliing appears to me so promising as cassava and the 
eowpea. The two plants should be grown together. The greatest demand 
which cassava makes on the soil is in nitrogeU; which the eowpea supplies. 
By a suitable combination of the eowpea, rich in nitrogenous substances; 
tlio cassava roots, lieli in carbohydrates; and coconut oil-cake; rich in 
fatS; it is a simple matter to make up a hrst-class; well-balanecd stock 
food. All these substances, can easily l)e made available in .the Philip- 
pines; so there is no necessity for the importation into the Islands of 
stock food from foreign countries. If the cassava is planted for its 
starch; or for alcohol manufacture; some other quick-growing legume such 
as miingo or peanutS; could be planted with it. These crops will not only 
pay well in themselves and add nitrogen to the soil; but they serve the 
further purpose of keeping out the weeds until the cassava is able to take 
care of itself. 

With this introfliK-tion as to the liost methods ot haudliug easv^ava, it 
may siaied that iu this ]dsuit tlu^ Philifqrmes has (he (heapest sfairee 
of starch in (he world, and Uierc is only other suhsiamh whitli at 
the present time seems aide to compote wdb it as a source of alcohol, 
a product of which there is a large native supply, namely, the molasses 
residue from the crystallisation of cane sugar. The. cheapest alcohol 
manufactured on any large scale to-day, comes •from this^source; being 
made in Cuba and Brazil and sold for 10 cents a gallon. tJntil the 
methods of alcohol manufacture from cellulose substances (sawdust; etc.) 
axe perfected; the Philippines has in great quantity the two cheapest raw 
products for' alcohol manufacture. ^ 

There are no reliable data bn the right yield of cassava in the Philip- 
pines, In Mississippi and Florida; on good ground; 10 tons of roots are 
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obtained per acre. The record of }delds for thia plant loiiiul ii.i ihe 
literature rims from 4 to .^00 tons per acre. In tlic Pliilippines llic planl, 
has never been raised on a large scale, altlioiigb several (companies are now 
planting it quite e^xteiisively. Plants abount a yeai* old, st'lednd ai, 
random from the district in the neighborhood of Zamboanga, Mindanao, 
averaged -jijoimds of roots each, which, planting 1 imdia* (nth way, 
would give a yield of 50 tons per acre. If 10 inns pia* atae (-an 
obtained in the Southern States of America, with a ])ossil)!e growing- 
period of from eiglit to nine montJis, it would seem in !)(' ixu'leclly sah‘ 
to figure as much for virgin Philippine soils, with a growing period of 
twelve months. One. acre of ground in the United States will produca^ (vn 
an average 40 bushels of corn eontaiiiing 1,500 pounds of cxtraciahle 
starch. One acre of cassava in the Philippines will produce at lea.st 
10 tons of roots containing 5,000 pounds of extractalde* starch. Jt th(‘ 
fermentable matter is converted into alcobol, the comparison becoriuvs 
even more favorable to the cassava, as the roots contain in addition 
to the starch, about 4 to G per cent of fenneniabkrsiigaix so that from 
the crop of 1 acre of this plant, over 400 gallons of 95 ])er cent alcoljol 
could be manufactured. Alcohol can be made fi’om cassava for about, 
the same price as from corn and its manufacture from, this sifbstanco 
costs in Peoria, Illinois, $0,032 gold per gallon. One can. easily figure* 
the price at which cassava alcohol can ))e sold and still leave a profit. 

The cost of manufacturing starch from cassava is also essentially ilu* 
same as from the potato, and it lias been described in a ])apei’ soon to 
appear in the Philippine Agricultural Peview by Or. 0. IP (lopoland and 
mysell I shall not treat of it here. If a factory for man ufacdu ring starch 
from the roots is not available, these may be ground up, dried and siftcul, 
the. cassava flour resulting having a starch content of (50 to 75 per vtmL 
Some cassava meal, so prepared by pounding np tlio roots in a rw. mortar 
and sun drying, has been kept in an open bottle in this lalioratory for 
'two yeai's and shows no signs of decay. Dr, IL' W. Wiley, of the* Burtam 
of Chemistry, United States, Department of Agriculture, (|iiotes a pricu*. 
of 1| cents, gold, per pound for such crude t^-ansava meah FirHt-chivSs 
cassava starch, will probably average over 3 ('mils, gold, p(*r pound, and 
pear! fapiot'a prepared from it, ahont one-half C(mi higher. 


Heating, or very thoroughly washing, is necessary in preparing cjassava, 
starch products so as thoroughly’ to 'eliminate all thehiydrocyaiiic' acid. 
This ac4d is apparently present, combined with other Bubstaiices, in. the 
of a glixcoside, as we have many 'timesmoted that; '"cassava yoots which 
Had Eto(^ imtil there was a s%ht' 'decay,;' had a. vert" powerful 'odor of 
Whie p such odor may be detected, in thd fresh root; hence ,'I 

of these Islands that in feeding to 
telthet Washed many times with: 





EDITORIAL. 


95 


The analyses of Pliilippine cassava tabulated below, show it to contain 
about the same percentage of stardi as the same plant found in other 
parts of tlie world. The following two plants were from a plantation on 
Basilan Island, the analyses being made by Mr. Eeibling : 


Item. 

i 

1 I- 

IL : 

Age of plant 

j 

moiiths__ 

1 

1 10 

12 : 

Weight of roots 

grams 

10,872 : 

14, dm 

Moisture 

per eenn_ 

1 54, 0 

54. 7 ; 

i Drv residue 

do ! 

1 45. 4 ; 

45. 3 J 

j Commeirially f-xtructnUi . 



Air-dry starch 

per cent— 

1 27 

20 


do 

! : 

. 95 

P.»Oo 

do 

1 ! 

.13 ' 

HCN 

do-„ 

j .24 1 

.15 

1 Total X as X Ha 

do 

i ‘51 i 

.58 

1 KsO 

do 

i .15 i 

.18 


The large increase in weight noted for twelve months as compared to 
ten months is worthy of attention, as I have been repeatedly told by 
Filipinos in many different parts of the Islands that if the plants are 
allowed to grow for from eighteen months to two years^ the tubers will 
then be very large., weigbing 80 to 120 pounds per plant. 

Five and three-tenths kilos of cassava of unknown age, from Eizol 
Province^, gave by grinding on a nutmeg grater, 1,350 grams air-dry 
starch (25 per cent ) and 000 grams (11.3 per (unt ) of fibrous residue 
eoiitainiiig OI per cent of starch. Experiment demonstrated that 1)y 
grinding this fibrous residue dry in a mortar, a further 3.5 per cent of the 
total of starch could be olhained. However, under present-day conditions 
of cheap land and cheap labor in the Phiiipiunes, it is not good business 
policy to attempt to obtain any liigli extraction of the stareli from the 
roots, as to extract tliis last few per cent costs relatively more tliaii to 
remove the first 20 per cent of starch and the money can be used to better 
advantage in raising more roots. 

One iliousand ihrtn bundred grams of cassava roots (s<ud be. 2 
years. old) witc rasped on Ibe machine described in the ariicle referred 
to above, giving 400 grams of air-dn’ starch (30.71 per cent) or 27 per 
cent dry weight, and 110 grams of fibrous residue (8.4 per cent). The 
starch in this residue' was 51 per cent. 

Four thousand grams, of tubers (age unknown) from Batangas Prov- 
ince, gave 1,050 grams of dry starch (26.2 per cent), and 345 grams of 
fibrous residue (8,5 percent). ' 

The above percentages are quoted as samples of the yield of starch 
which may be\ obtained in a commercial way from Philippine camoiing 
caho$, ^ Other analyses made' in Ihislaboratoi}'' run from 24^ to 30 'per 
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cent of starcli and it seems reasonable to assume tluit 25 per cent ol: aii- 
dry starch (14 to 18 per cent water) may be coinmejeially extracted from 
the plant. 

Samples of arrowroot {Marmiia anmdmacca Linn.) grown in ihc 
Islands contained from 18 to 22 per cent of starch. TIh^ plant is raisi.Ml 
only as a food for hogs. It seems rather extravagant to Iced to I logs one 
of the highest priced of starches. 

Sincanias (Pachyrhizus Inilhosm Britton) \ F. (Mujidaliis \ tiiliors gave 
‘L5 to 10 jjer cent of eommoreially extractable siarcln according to t!ie 
age of the plant, the lowest yield being obtained from tubers 21 months 
old, and the highest from those 12 months old. 

Tacca pinnatifida Borst., yielded 22.3 per cent of starcli. Lids plant is 
rasped yery easily and the starch is more easily obtained in a, ])ure sta,te 
from it than from any plant I have handled. Tacca starch sells for a, 
higher price than the others, being called in the worhBs market Bornnida 
arrowroot. 

Dioscorea sp. gave 11 per cent of commercially extractable starch witli 
a total starch content of 14.3 per cent. This starch is remarkable for 
the small size of its granules. 

The seeds of Cijcas circinaUs Linn., which are sometimes used as a 
source of '^'sago'^^ yielded 31.2 per cent of starch. 

The tubers of Aftiorphopliallus vampannlahis Blinne are very large, 
but from them we were only able to obtain as the liighest yield 1.5 [ler 
cent of starch, The presence of numerous spicnlcs of calcium oxalate 
renders the preparation of an edible starch from this plant very diilicult. 

Raymokd ' h \ Bauon', 



ILLUSTRATIONS. 


Plate I. 

Fig. i. Starch from Jfanilioi niilissima Pohl. 

2. Same in polarizKl light. 

3. Starch from Tacra pinnatifidfi Forst. 

Plate II. 

Fig. 4. Starch from Tacea pinna tifida Fur^t, in polarized light. 

5. Slarcli from Tacea pinnafifida Forst. 

6. Same in polarized light. 

Plate III. 

Fig. 7. Starch from Dioscorca sp. In polariz(fd lightj this starcdi sliows no 
c-hange. ) 

8. Starch from Otfvas eirvinalw Linn. 

1). Same in polarized light. 
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THE ASCENT OF MOUNT PULOG. 


Tlie highest mountain in northern Bengiiet which has ever been 
ascended so far as is known, is Mount Pulog, x^ecently climl^ed by Mr. 
Charles Cf- Benson and party of the Bureau of Lands. The notes which 
follow are taken from Mr. Benson's account of the trip. 

Mount Pulog is in northeastern Benguet not far from the line between 
Xueva Vizcaya and Benguet. Kabayan, the settlement from which the 
start for the mountain was made, is a journey of a day and a half or 
two days from Baguio. From Kabayan the party went by the regular 
trail to the barrio of Lutab. One-half mile south of Liitab they turned 
off on the old Spanish horse trail w^hieh runs higher up on the hills than 
the trail at present used, and followed it to the Adat Eiver. From this 
point they took a foot trail wdiieh runs up the canon of the river at an 
average height of about 90 meters above it. After following this for 
one-half mile they traveled in an irrigation diteli for approxmiately two 
miles, then descended to the level of the river, crossing it at a point where 
two l)ranches, one coming from the south of Mount Pulog and one from 
the north of that mountain^, unite. After crossing the fork from west to 
east they climbed straight up over a very difficult foot trail to Ankiki, a 
little Igorot barrio of about four families, at an altitude of approximately 
2,190 meters above sea level. 

The trail from Ankiki to the top of Mount Pulog runs around the 
base of the main peak and over the tops of two subsidiary ones, after 
which it descends to the rancheria of Tinnk or Tinak, which is about 
1,520 meters below the top of the mountain and lies to the south of the 
Asin Grande basin. 

The top of Mount Pulog for a distance of about 240 meters below the 
summit, was found to be covered wdth very coarse-bladed grass a foot high. 
The height of the mountain, carefully estimated from barometric read- 
ings, is 2,890 meters, lee five-eighths of an inch thick formed 60 meters 
below the summit during the night that Mr. Benson and his party spent 
there. A sufficient quantity of; dead pine-wood for camp fires was 
obtained near the camp, 90 meters below the summit. 

The time occupied in travel between the several points on this trip was 
approximately as follows: iKahayaiX' to/IiutaB, ninety minutes; Liitab to 
the first barrio, one Tiour;\the''fi'rst' Mrrio to the river, bed, one and 
one-half : hours; the /river 'bed; to .Ankifcih iour^^ hours Ankiki ^ to The 
summit of Mount Pulog, two hours. ; 

^ , ' ' ; -d ' : ;■ ■ ■' ■ c ■ t 
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The people of the region passer] through hy tins |)arty arc iKUiguet 
Igorots, but the following ditfereneos were noted hetwcuui ihoin aiuJ ilu' 
iiiain body of the people of the sanie tj‘ibe. The liouses at Ankiki, wliih‘ 
similar to those of others of this tribe, were rather b(di(‘r liuilt, luiving 
sides of boards. The language spoken l,)y the ]Ktopl(‘ of ibis barrio was 
hardly intelligible to an intei'prcter wlio httongial to the llialoi division 
of the Bengnet Igorots. The peophi of Ankiki dr(‘ss lik(‘ ilu; oilHU’ ILn- 
giiet Igorots. They are called by the latter KcuhtKnn wlriiti is said to 
mean the people who live where the oak trees grow. dduMr only agin- 
cultural product is cmnotefi, Tiiey keep hogs, dogs and a, few ehidvrnis. 
They are great hunters and kill large numbers of deer and wild hogs. 

The people of the barrio of Tiniik are called Z>/m‘o/.s' by the liengiut; 
people. This name is practically meaningless., as it is the (nunnion 
designation for people who seem to the Bengoet Igorots more wild and 
inicivilizecl than themselves. The people of Tinuk raivso ricn Init do noi, 
terrace the hillsides to any considerable extent. 

Merton L. Mi, mum. 
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METHYL SALICYLATE L— THE SEPARATION OF SALICYLIC 
ACID FROM METHYL SALICYLATE AND THE 
HYDROLYSIS OF THE ESTER. 


By H. D. Gibbs. 

{From the Chemical Laboratory, Bureau of Science, Manila, P. L) 


Since salicylic acid and the salicylates haye been prohibited in foods/ 
it becomes necessary in many cases to separate salicylic acid and its 
metal salts from its esters. 

The methyl ester, either the synthetic preparation or oil of gaultheria, 
or , oil of betula, is often found to be a constituent of many non-alcoholic 
beverages, such as the so-called root beers, sarsaparillas, and soda-watei 
flavors. The United States Pharmacopoeia and the National Fonnidaiy * 
authorize its use as a, flavoring agent, and it is therefore often found in 
emulsions, the most common of which is cod-liver oil and other phanna- 

copmial preparations;, , _ 

Salicylic acid or its salts and its methyl ester may be, and often are, 
found together in the above preparations; first, through the incorporation 
of both in the original mixture; second, when methyl salicylate, or oil of 
gaultheria, alone is used the ester may contain varying amounts of free 
salicylic acid as an impurity; third, when a comparatively pure ester is 
employed, free salicylic acid may subsequently become a constituent of 
the compound through the hydrolysis' of the ester. 

Regarding the first of these source%^ it is sufficient to note that pre- 
servatives of various kinds, borax and boric acid, benzoic and salicylic 

8. Dept. Agrio., Food Inspeolioii Decision 76 (190T). 

, , A iu ed. (1,906), 46. 

nms ' 
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acids dave been foiiiul by the wriici* and oilier invest tors in soda-water 
flavors, I’oot beers, sarsaparillas and cod-liver oil (omilsions, bolb wlnai 
methyl salicylate was present and abs(adv and sevenad inamifaduixa's have 
verified the findings by submitting their romudas for sonu' of ib(‘S(^ prep- 
arations. In many eases it is possible that a preservativic in addilion 
to the methyl salicylate, is (piite supernuoiis, the esten’ proliably having 
antiseptic qualities" snflicient to render the enqiioyimad of other steriliz- 
ing agents or processes vinnecessary. 

Concerning the second vsoiirce of salicylic ac'id, nanudy, as an iinpiirit-y 
in the methyl salicylate, an examination of all of the ditlerent sanipl<‘s 
available in this laboratory and in the city of Manila, eight in all, has 
revealed the presence of the free acid in every case. Two of iht\si‘ sample's 
were repi'esented to he genuine oil of ganltlieria, and six \v(‘rc‘ syiit In't ie^ 
preparations. All wore of Enro])ean exqiortaiion and had. hcaai in stod; 
in this city from a few days to over a year, flflie amounts of frt'e salicylic 
acid varied from a trace in one laboratory samjilc t:o 0.025 pe^r cx*ni. by 
weight in a geimine oil of wintergroen. 011080 small amounts do not. 
wholly account for the larger quantities of salicqdie acid or its sails 
which have been found in a number of dilferent pjuparaiions upon the 
local markets and entering the port of Manila. 

The third source, namel}^ the h 3 ulroIysis of the ester, will 1)0 shown 
to aecoiint, in many eases, for the presence of free salicylic acid in |)rep- 
arations in which comparatively pure methyl salicylah' has heiui einj)loyi^d 
as an ingredient. With alkalies the rate of hydrolysis is very rapid; it 
is slower with acids, and even with distilled, water the liydrolysis is 
measurable. The temperature is an important factor of the rate. 11; 
is therefore not surprising that the formation of salicylic add from 
methyl salicylate in this way is quite approciablo .in foods or drugs whidi 
have been shipped by vessels to this port. Tiu) tempcu'aiui’e of th(‘. holds 
of the vessels often rivses above 30° in the tropics. Tlu‘, vt)yag(‘. by tasicsi 
steamers from Europe or the United States oceupios aJ)out onti mouth 
and by sailing vessels a number of montlis, and during the eniiiH) voyage 
the rolling and pitching of the vessel produces a constant, agitation of 
the contents of bottles, casks and other containers, nuiintaining, in all, 
favorable conditions for hydrolysis. 

' , : THE DETERMINATIOH OF SAWCYLIO AOID IH METHYU BALIOYLATU. 

The free acid can be titrated directly. The indicators which have 
been found to be applicable are Congo, i-ed and erythrosim Alfred J. 
Cohn ® says, ^'Congo red may be used for estimating mineral acids in the 

later' paper. , ; 
ire, it will be furtlier 


, * It is hoped that this investigation will form a part pf 
^ While this phase of the question Will he touched upon 

^ 1 ' liMii 


j Witey ^ Sons, Hew York^ 
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p]*eseiiee of organic acids, as tlie latter do not affect it.’' This has been 
found to be an error, as salicylic acid can be accurately titrated, the end 
point Ijeing very sliai*]) wlien either standard sodium hydroxide, carbonate 
oi‘ bicarbonate solutions are used, the caiToxyl group only being aifeeted. 
Walker and \Y('>od liave used (Vaigo red for titrating salicylic acid against 
baryta. Erythrosin has also been found to give fairly good lesiilts, 
although Congo red has been used almost entirely throughout this work. 

In titrating the free acid in methyl salicylate, from 5 to 20 cubic 
centimeters of the ester are shaken with an equal quantity of neutral, 


N 

distilled water in a glass-stop])ered flask, and standard alkali, h- , added 

' oO 


until the color indicating the end point remains permanent on shaking. 

Standard solutions of sodium acid carbonate' are ])est used in this 
titration, for reasons explained further on, althongh sodium liydroxide 
solutions give accurate results. The titrations were carried out at the 
room temperature, which varied in tliis laboratory from 28° to 34°. 

In order to show that the acidity of the samples was not due to acids 
other than salic^dic, the following method was employed: Ten cubic 
centimeters of the ester or oil of gaultheria were extracted three times 


with 5 cubic centimeter portions of 


N 

10 


sodium acid, carbonate. 


The acid 


carbonate solutions were united, extracted tliree times with chloroform 
to remove the ester which was in solution, made acid with sulphuric acid 
(1 to 3) and extracted three times with chloroform. The chloroform 
extracts were united, filtered into a weighed dish, aiul evaporated spon- 
taneously in a vacuum desiccator. After weighing the residue, it was 
dissolved in liot water and the salicylic acid determined colorinietrically.^ 


Table I. — Amounis of suUcyUc acid in natural and artificial oil of gaultheria. 


Sample. 

, 

Amount. 

Salicylic acid— j 

By titrat- 
ing. 

B.c weighing.^* 

Colon met- 
rically. 

j 

I'C. j 

Per cetd. 


Per cent. 

Oil of gaultheria (genuine) 

10 

0.025 

5.6 mg. =0.046 percent. . 

0.028 

Synthetic.— ’ 

10 i 

0.0113 

3.9 mg. =0.033 per cent._i 

0.0113 


Vlmn. Hoc. (1898), 73, 619. 

^ Standard solutions were made from Kaldbam's sodium acid carbonate, which 
was found to be very pure. 

Methods of Analysis, Bull. U. H. Dept. Agrie. (1907), 107, 180. 

®The weights of the salicylic acid are evidently too great for the reason that 
drying was imperfect. Small quantities of the acid are so easily volatilized that 
it was considered preferable to err in the opposite direction and rely upon the 
colorimetric metliod for accuracy. , . . ' 
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SEPARATION AND DETERM IN ATFON OK SALIOYDIC.! A(Rl) 
SALIOYDATE IN FOODS AND DliUOS. 


ANM) ME'niYL 


Tlie sii])siance inidpr invpsti{i-<Tiion, saJic-ylic^ Judd and nadJiyl 

salicylatp, is naido stroni>;’ly alknilino io (^)niJi,'o timI willi an appioxiinidi'ly 
iioriiial sohitioii of j)uro sodium acdd ('arl)ona((\ iii'c* li'oin normal ('ai- 
bonatcd*’ and, if not liornoKonooits, iho atjiuams soliilion is S(p)aral(‘(l and 
tlic ])rocL\ss repealed 'wiili tlio rc^sidiie until ii> is llioroiii’'l)ly exiraided 
])y the sodium acid earbouate solution. All of ih(‘ sali(A'lic add lias now 
passed into the acid eaihonate solution in iJie ionn oi sodium saruydal.e 
together with small anuiunis of methyl sahK-yhite. dhiis sol u lion is 
extracted repeatedly, not loss than three times, wiih small a,mounls ol 
chloroforiid^ until all traces of meiliyl salicylate have been removed. The 
sodium acid carbonate solution is now made acid with sulphuih', acid 
(1 to 3) and extracted in the usual way to remove and deievrmine tlui 
salicylic acid.^^ i 

This method lias been siiceessMlv a])plied to emulsions of (toddiver oi! 
which are usually very difheult to separate. The sodium acdul (.’.arbonate 
layer, carrying the salicylic acid and small anionnis of :mctliyl sali(*ylate, 
can be separated in a rapidly revolving centrifiigte With non-ah^obolie 
beverages and soda-water flavors, the method is especially easy of manip- 
ulation. During the process of extraction, while the methyl salicylate 
is still in the solution with the salicylic acid salts, the temperature sliouhl 
not be unduly raised for the reason that the rate of hydrolysis of mcdhyl 
salicylate is accelerated with increase in temperature. During the mani])- 
ulation in this laboratory, where the temperature is always high, the 
solutions have been kept below which temperature lias l)Con found 
to be a fairly safe limit. Lower working temperatures are, of course, 
to be desired. 

The ester, separated by chloroform cxtraction/^‘ is saponified by heat- 


Solutions of sodium acid carbonate lose carbon dioxide ami UuTefoiu^ Hbouhl 
be freshly prepared and kept in well-stoppcred bottles, loss of c.>irho!i 

dioxide, the increase of normal sodium carbonate, and conseqmait inercMtse. 
sodium hydroxide in the solution is in most cases count<*r!>abuieed by the acidity 
of tbe substance under examination. When this substance is v(»ry acid it is In^str 
made alkaline by the addition of solid sodium acid carbonate in order to a;vold 
a great increase in the bulk of the sohition. 

; Chloroform has been found to be .better than ether for removing the inethyl 
salicylate froim this solution, for the reason that it is less miscible with tim 
■ ■aqueous TOlutidn* ' 

Methods of Analysis, L^c, Git. 

the case of oil emulsions "and some other mixtures the ester is best 
of the /aalissylie acid, ;by steam distillation ' from a, 
Since methyl salicylate, ds .partially liydrplyzed on heat- 
necessary to cart> on the aiistillatiom until 
^1 , has over ipto the receiver. 
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ing* ill a flask with reflux condenser attached^ on a steam batli^ with a 
large e^xcess of strong caustic alkali solution. 

After saponification is complete^ half an hour usually being sufficient^ 
the condenser is detached and the heating is continued until all of the 
chloroform is expelled. Tlic scfliition is then diluted to a known Yolume 
and the salicylic acid determined in alicjuot portions. The following 
(jiiantitative experiments serve to show the manipulation and the accuracy 
of the method. 

1.0250 grams methyl salicylate were dissolved in 50 cubic centimeters of 
chloroform and 10 cubic centimeter portions saponified with 10 cubic centimeters 
of a 25 per cent solution of caustic potash. After evaporation of the chloroform,, 
the residue was diluted to 100 cubic centimeters and 2 cu!)ic centimeter portions 
made acid with sulphuric acid (1 to 3) and extracted four times with small 
ainounts of chloroform. The chloroform was evaporated in a vacuum desiccator, 
and the residue dissolved in 100 cubic centimeters hot water. The salicylic acid 
determined eolorimetrically in this solution gave 1.U040 grams metliyl salicylate. 

1.2277 grams treated as above gave 1.2GG7 grams. 

0.15G8 grams dissolved in 10 cubic centimeters of a 25 per cent solution of 
sodium hydroxide gave — 

I. II. 

0,1499 grain. 0.15G5 gram. 


THE HYDROLYSIS OE METHYL SALICYIATE WITH SODIUM OARBOYATE 
AND SODIUM HYDROXIDE.^^ 

N N 

Solutions of sodium hydroxide^ approximately -t: and — were made 

O Hi 

by dissolving clean^, metallic sodium in distilled water from which the 
gases had been expelled by boiling. These were agitated in bottles with 
an excess of methyl salicylate and 10 cubic centimeter portions were 
remoTed and titrated at intervals.^*" The reactions were all carried 
on at with variations not exceeding ±1°. This is the prevailing 
temperature in this locality. 

In the following tables, t is the time expressed in liours, 'V the volume 
N 

of — siilphiirie acid used to neutralize 10 cubic centimeters of the reac- 

10 

tion solution at time and .t is the percentage o! sodium hydroxide 
which has been used in the reaction. 


Color comparisons made mth a vredge colorimeter. 

“Alore extended investigation of the hydrolysis of methyl salicylate with 
acids, alkalies and water and the catalytic action of tropical sunlight is being 
carried on and will probably be presented in a later paper. The cases of sodium 
carbonate and hydroxide are here taken up merely to show the basis of the 
analytical methods. 

'^®Ostwald-Luther: Physiko-Chemisehe Messungen, Leipzig '(190'2)j 447. 
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Tabus II. — Ilyflrolysis of mcihijl salicylate hy sodium hydroxide. 
0.203 normal NaOH; T- 30° ± 0.5°. 


t 

V 

.<* 


r 

,r 

0 

20.30 

0. 00 

6 

2. 30 

S8. 67 

1 

14.70 

27. 53 

7 

1,70 

91. ()2 

0 

9.60 

52. 70 

3 

1.25 

93.. SI 

3 

0. 65 

! 67. 24 

21 

0. 30 

9.S. 51 

4 

4.60 

/ / . 34 

31 

0. 20 

99. 01 


3.30 

33. 74 





0.099 normal NaOH; T — 30° ± 0,5^. 


11 

0. 30 

96. 96 

18 

0. 15 

98. 48 

15 

.20 

97. 07 

35 

.10 

99.00 1 

1 


N 

5 


sodiiiin carbonate solutions were made from tlie pure salt ami also 


from tlie carbonate formed by the ignition of sodium oxalate. A large 
excess of the ester was used in every ease. 


Table HI . — Hydrolysis of methyl salicylate irith sodium carhouafv. 
FIRST SERIES. 

0.2 normal NaoCOg; T = 30° + 1°. 


t 

V 

1 

X 1 

t 

V 


0 

20. Q 

1 

0.0 

32 

14.20 

29.0 

1 

19.4 

3.0 

48 

13.2 

31.0 

■ 2 

19,1 

4.5 ! 

56 

12.9 

35. 5 

3 

18.7 

6. 5 ! 

72 

12.35 

38.25 

5 

18.1 

9. 5 

80 

12. 1 

89. 5 

7 

17.65 

11.75 I 

125 

11.46 

42.7 

8 1 

17.3 

13.5 |; 

344 

11.28. 

43. 6 

24 ; 

14.9 

25.5 1 

152 

11.24 

43. 8 

28 

14., 4 

2.8. 0 1 

168 

11.2 

44. 0 

31 

34.25 

A:!Ji 

194 

11.1 

44. 5 


SECOND SERIES. 




8 

17,5 

12.5 

1 (54 

12. 05 

36. 75 

9 

17.1 

14. 5 

j 80 , 

12, 15 

39,25 

10 

17.0 

15.0 

I 88 

11.97 

40.15 

11 

16.8 

16.0 

1 133 

11.40 

43, 0 

33 

16.5 

17.5 

j 152 

11,2 

44.0 

14 

16.2 

19.0 

160 

11.22 

43. 9 

36 

35.9 

20.5 

176 

11.38 

44,1 

32 

14.25 

28.75 

202 

11,02 

44.9 

■ , '^33 

14.1 

^ 29.5 

'225.,' 

11, 0 

45.0 

36 

13.9 

: 30.5 

, , 

10,95 

45.25 

,V ' '' 39 ' 

13.75 

31,25 

,323 

10.7 

45.5 

40 

i ^ 

13. ,7 _ 

! A „ : b 

ai,50 

1 35.5 

; 48^',' 

,,10,45. 

'47.75' 
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Table IK . — Tlifdroliisis of inelhi/l mlicylate iritli sodium carhonate — Continued. 


THIRD SERIES. 


16 

15. S 

21.0 

' 96 

11.9 

40. 5 

17 

15. Go 

21. 75 

141 

11.3 

43.5 

18 

15. 5 

22. 5 

: KiO 

11.2 

44.0 

21 

16. 25 

23. 75 

168 

11.2 

44.0 

23 

25.1 

24. 5 

j 184 

11,1.1 

44. 25 

24 

14.9 

25.5 

1 210 

11.0 

45.0 

40 

13.7 

1 31.5 

1 233 

10.9 

i r5. 5 j 

44 1 

13.4 

33. 0 

262 

10.88 

; 45. G 1 

48 

13.3 

33. 5 

497 

1 10.40 

: LS.O 1 

04 ! 

12.7 

36. 5 

' 624 ! 

10.2 

1 49.0 i 

72 

12.45 

37. 75 

665 

10.13 

49.35 

88 i 

12.0 

40.0 I 

1 

1 737 

10.00 

50.00 j 
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737 MOU/iS 

Ficj. I. — Hydrolysis of Methyl Salicylate. 


The rate of liydrolysis with sodiiiin carbonate is a smooth curve, the break in 
the diagram being due to the change of scale. 


Tile curves shown in fig. 1 are constraeted from the above tables. It 

is to l)e noted that the hydrolysis of the ester with sodium hydroxide goes 
to completion; that is, to the point where all of the hydroxide has been 
used in the reaction, or at least it goes verj' nearly to completion in about 
twent}"-four hours. With sodium carbonate, equilibrium, for all practical 
purposes, is reached in about one month, at the point where all of the 
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nomial carbonate lias been converted into the acid carbonate according' to 
the equation: 

. OH . 000CHT,+Ha,00,==CJT, • OTT . 00()Ha+(dI,()IF-f 
HaTTCO, 

To prove tliat this is the end ])oint of the reaction, or ai. least iiu‘ point 
where the rate is exceedingly slowq tlie ester was s]iak(ai for days wiiJi pure 

— sodium acid carbonate solution in a number of seahul fiil)es. While 
10 

a slight reaction was noted, it is ])elieved that tlie sn]isi,ancos were 
practically in eqiiilibrinm.'^’^ Any reaction talcing place is not snf- 
ileiently rapid to affect the accuracy of the analytic methods previously 
described, which depend upon sodium ac-id carbonate for tlK‘ rtnnova! of 
salicylic acid as sodium salicylate from the pi*(‘scnce of ih<^ methyl (ssten*, 
without saponitication of the latter. 

Cahours-^^ says that concentrated solutions of a.lkalies react with 
methyl salicylate in the cold to produce the salts of the estei*. hrtH‘r 
has prepared sodium salicylic ethyl ester by the acdJon of sodium u[)on 
the ester and by the action of sodinin Iiydi'oxid.e upon the (‘stor in 
etherial solution. He mentions the fact that the compound thus formed 
is easily Iiydrolized by moisture. The reactions with dilute^ solutions of 
sodium hydroxide and sodium carbonate, here doseribod, are hydrolyticw^ 
Analyses of the solutions at the end points of the reactions, prove iluii 
the products of the saponificatioiis are present in the ainounls indica-ted l)y 
the theory. 

”Tlie hydrolytic dissociation of sodium hydrogen carbonate a.c(‘,oi’ding to t.lu', 
equation: INTaHCOa+ILO JSTaO 11+ necessitates a gaH(H)UK pressure of 
carbon dioxide and a continuous loss of the gas with formation of noriual sodiuni 
eax'bonate in the solution. A discussion of this question may b(‘, mor<^, fully 
entered into a later paper. It is sufficient liere to note tliat tbe elliuvt due t-o 
this eanse is very slight. 

yriie amount of the hydroxide in this solution is very small, Me(joy, Anu 
Glwni. J, (1903), 29, 453, has calculated the concentration to lie ii-OXIO-q 
A more detailed discussion will be taken uj) in a later pixper. 

^ Ann, Chink. Phps, (1844) (3) 10,327. 

^Am,’Vhem, J. (1B92), 14, 411. 

^Secondary reactions take place, to a small extent, not sufficient to afh^ct 
the accuracy of the method. Some of these, probably due to light rays, are 
; being studied. ; 
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Table IV . — The analyses of the solutions descrihed in Tables JI and III at the end 

of the reactions^ 


Solution. 

Methyl alcohol. 

Salicylic acid. 

Th eoret- 
ical. 

Foiin<l. 

Theoret- 

ical. 

Found. 


Per cent. 

Per rent 

Per cent. 

Per eniL 

0.203 normal NaOH 

O.Gl 

0. 67 

2. >0 

2. 66 

n 099 normal KaOH 

0.32 


1.37 

! 1. 41 1 

0.2 normal 

0.32 

0.3U 

1.3H ’ 

j 1.33 i 


SmOfAE-Y. 

It is shown that methyl salicylate (synthetic), or oil of ganltheria, 
when used in foods and drugs, may give rise to the presence of salicylic 
acid, first, as an impurity in the ester; second, through its hydrolysis. 

Methods for the separation and quantitative estimation of salicylic 
acid and methyl salicylate are described. 

The rate of saponification of methyl salicylate in solutions of sodium 
hydroxide and carbonate are studied. 

The work in some of its other phases is being continued. 




NOTES ON THE SPROUTING COCONUT, ON COPRA, AND 
ON COCONUT OIL. 


By Herhert S. Walker. 

{From the Chemical Lahorafory, Bureau of Bcicnce, }lanila, P. 1.) 


CONTEXTS. 


I. EXPERIMEiS'TS ON ENZYMES IN THE COCONET. 

TI, Chances in the Composition of the Coconut while Sprouting. 
in. The Action on Copra of Microorganisms in Pure Culture. 

IV. The Production of Free Acid in CoiiMERciAL Coconut Oil on Long 
Standing. 

I. EXPERIMEXTS ex' EXZYMES TX THE COCONUT. 

Tlie following experiments were made in an endeavor to discover if 
tlie eoeomit, like tlie castor bean and many other oil seeds, contains a 
fat-splitting enzyme capable of saponifying outside of the growing nut. 

coconut foot. 

Experiment J . — One hundred grams of the fresh foot in a sprouting eoeomit 
were ground with sand and water, and the expressed liquor was strained through 
cdotli. One per cent of toluol was added and the whole allowed to stand on ice 
over night. 

{a) Five cubic centimeters of winter, 1 of fresh liquor and 0.25 of ethyl 
butyrate were kept in a water bath at do'' for fifteen minutes and then titrated ; 

X 

there were required 0.48 cubic centimeters of ~ potassium hydroxide for 

neutralization. The mixture was allowed to stand until the liext day, when it 
took 0,12 cubic centimeter more of the same solution of alkali. 

(h) Five cubic centimeters of water, 1 of the hailed liquor and 0.2;5 of ethyl 
butyrate were placed under the .same conditions as the above for fifteen minutes 
in a water bath; there were required for neutralization 0.45 cubic centimeters of 
X 

potassium hydroxide and on the next day 0.11 cubic centimeter more. 

(c) Five cubic centimeters of water, 1 of fresh liquor, 0.25 of ethyl butyrate, 

X 

1 drop of phenol phtbalein, 0.28 cubic centimeter of — potassium hydroxide 
and 0.1 of toluol Were placed in a water bath for thirty minutes, then stood 
at room temperature until the next day, when 0.09 cubic centimeters of ^ 

potassium hydroxide were required for neutralization. 

(d) The conditions were the same as in {a) wdth the exception that boiled 

" V' ' ■' , ' ' ' ' ' ,, ^ , in 



112 


WATiKKli. 


liquor was used. 


There were required 0.12 ciihie eentiiiuder 


N 

Id 


])oi.nssium 


hydroxide for neutralization. 

Conclusion . — No oozyino eo])nl)Io of liydroliziiig (^lliyl biiiyrdto is pri'S- 
eiit in the press liquor from ilie eo('oniii loot. 

For comparison I givt^ one c‘xj)erim(UiL hy Kusih' find Loevenluiri. ’ 
working witli a 10 per cent exiraei ohlainod from ilie pfineir^as of fi pig. 

One enbiev centimeter extract, 4 of water, ().2i) of elJiyi biiiyraJu find 
0.1 of toluol were ke])t at 40" for lifteen mimiLes and sliowi'd fin iiicrt^asi' 

in acidity corresponding to l.()3 eidiic centimeler polfissiuni hydi'oxide. 


zV similar test with the boiled extract showed no im-rofist' in aeidii.y 
whatsoever. 

My Experiment I was continned as follows: 


(cf) Eight cubic ccutiiueters of fresh liquor^ 5 of coeoiuii oil and 0.1 of lolnol 

were allowed to stand one week. Eight cubic centiinoicrs of potassinni 

hydroxide were required for iieutndizfition. 

{/) Eight cubic oentiiueters of ’boiled liquor, 5 of coconut oil, mid 0.1 of 

toluol were allowed to stand one week. 10.9 cubic, cuaii.inictco's M potassiuni 

hydroxide were. required for neutralization. 


The boiled liquor show^ed a considerably greater fieidity on standing 
than did the frcsli, hence it is evident that no liydrolysis by (uizynuis Innl 
thus far been proved. The nut lTo.in which this fooi. Wfis takem Wfis 
perfectly sound and free from niold, but the inmu’ surface of ihe meat 
next to the foot had begun to soften and had a greasy lech A portion of 
this softened meat was dried and expressed, yielding an oil containing 
3.3 per cent of free fatty acids, showing that hydrolysis to a, niarkcal 
extent had taken place in the growing nut. 


COCONUT MEAT. 

Ewporime^t II . — The sprouting nut used for this series contained a. hnit 
which almost filled it. The meat remaining was ground in a sausage grim bn* and 
a creamdike emulsion pressed out. 

{a) The aetion with elkyl hutyrate . — The conditions wenn 5 cubic. (Haiti* 
meters of water, 0.25 of ethyl butyrate, 1 of toluol and 1 of cream, wii.b ibe 
.following result'': 


li 


Conditions. 

hours at 

40^^ C. 

, 

er«sft.tn y 1 J,. 

0.45 eo.-^KOH 

1>.35,ce.SK;OH 

! 

't ' 'HA ' * ■'1 ^ A '* “ 

-"p 


Neutralized, let 
stand at room 
temperature 
3 day. 


0.12ec.-^KOK 

: „ 


Let stand 1 day 
more at rootn 
tempera* , 
tore, 


0.10 CC.q^KOH 

o.,iocc.'^^ko:E' 




No't mmtralizcMi, 
room timiper- 
ature for 
2 dtiy«, 


0.02 cc. 

0.4fico,SKOH 
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(6) Till! cream alone witli 1 ])er ci^nt of.tuliiol as an aiiliseptie was allowod 
to stand four days in tlie iuculiator, 

(1) Five cubic centimeters of boiled cream required 7 cubic centimeters of 

— potassium bvdroxide to neutralize. 

10 ^ 

(2) Five cubic centimeters of fre.sli cream recpiirod 12.8 cubic centimeters of 
N 

p(jtassium hydroxide to neutralize. 

(c) After pressing out the cream used in (a) and (/>), tlic residue was ground 
with sand and water arid two fractions pressed out in the liydraulic press: A 
(up to 250 kilograms ])er square centimeter) and B 250 to 450 kilograms). 
These samples were kept under the same conditions as in (Zi) for four days and 

aliquot portions^ each of 5 cubic centimeters, were titrated with ^ potassium 

hydroxide. The following is the result: 

A, boiled and fresh, and B, boiled and fresh, each took 0.05 cubic centimeter of 

~ potassium hydroxide to neutralize. 

The cream from the first pressing (a) is therefore the only one showing 
any indication of enzyme actiyity. 

(d) Five cubic centimeters of the cream from the first pressing (u), 5 of 
coconut oil and 2 of toluol were placed in an incubator for four days; there 

■were required 12,4 cubic centimeters of ^ potassium hydroxide for neutraliza- 
tion. A control made under the same conditions with boiled cream required 
6.6 cubic centimeters. 

The greater increase in acidity of the unboiled cream seemed at first 
to indicate enzyme action; but plate cultures made from the two tubes 
showed a considerable number of mold and bacterial colonieS;, these being 
more mimexons in the unboiled than in the boiled cream. Therefore^, 
it seems more reasonable to attribute the increase in acidity to the 
inefficiency of the antiseptic used;, rather than to a specific eimnne action, 

COCONUT JkflLK. 

Experiment lU . — ^The nut used had begun to spront, its inner space being 
almost completely filled by the endosperm. About 5t) cubic centimeters of milk 
were obtained and tested, the conditions being as follows: 5 cubic centimeters of 
water, 0.25 of ethyl butyrate, 1 of toluol and 1 of milk. 


Conditions. 


15 minutes at 
4(P. 


12 Iiours at 
35-40°. 


Unboned 
Boiled 


0-28 cc. ^ KOH 0.35ee. KOH 
0. 28 CO. KOH 0. 38 ce. ^ KOH 


Tlie results show no evidence of the presence of an enzyme in coconut 
milk.; 
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and milk. 

The expressed ereaiii from ihe nu^al of a mii jusi 
to sprout was used, the eoiiditioiis l)(‘iu|^- a-s follows: 

Tive cubic ceiitimetei's of water, 0.25 of ethyl hutyra,ie, .1 ot toluol and I 
of cream. 


Conditions. 

At start. 

Unboiled 

i 

0.47 ce. ^ KOH 

Boiled - 

0. 47 CC. 



Not iR‘utnili/(Ml. 

Neutral- 

-- ' 



ized, and 


Incubalor 21 

let stand 

Uooin 

Jionrs. 

24 hours. 

teinpc'ra- 




lure 24 




hours. 

a. 

f). 

CC, 

CC, 

CC, 

CC. 

O.IS 

L.S2 

1.21 

2.00 

o.m 

0. 70 

0. 00 

0.47 


[h) Five cubic centimeters of water, 0.25 of ethyl buiyrati*, 1 of I to 1,000 
formalin and 1 of cream were used. The/ unboiled mixture after twiaity-four 

hours at room temperature took 0.55 cubic centimeter of ? potassium jiydi'oxicb^ 

and the boiled mixture 0,48 to neutralize. 

Here again, allliougli the unboiled c:rcani iiiereases in acidity fairly 
rapidhc in the presence of toluol, the increase must be (lu(^ cliiclly (o 
inefficient antisepsis, as it is almost entirely inhibited by rormalin in a, 
dilution of 1 to TdJOO. Experiment has shown that formalin of ibis 
strength has practically no action on enzymes. 

Experiment Ih — The cream used in Experiment fV was treated with alcohol 
and ether, the precipitate washed with alcohol and hnally with eilu'r and Ukmi 
dried in a vacninm over sulphuric ‘acid. One p’am of this p()wdcr rubbed up 
with 20 cubic centimeters of water yielded a milky Ii(|uor whieli was hasted for 
the presence of enzymes, the following beings us(*d: 

Five cubic centimeters of water, 0.25 of ethyl I)utyrate, 1 of toluol and 1 of 
the liquor, the mixture being ktq)t in the iiuaihator at 55^^ to 4(E for t;\vo ila.vs. 

Both the boiled and iinboiled liquor required O.B cubic ccaihmdA'r of 

10 

potassium hydroxide to neutralize. 

It is evident that the precipitate obtained from coconut creani by the 
above method contains no fat-splitling cnzy.mos. 

COCONUT imOT AND COCONUT 011., 

Experiment VL-^(a) One hundred grams of foot from two nuts with sprouts 
about 1 meter long were mixed in a mortar with 100 cubic centimeters of fresh 
eqeoaut oil, 100 of water and 1 of chloral The mixture was well ground for 
about,, one hour to prepare , a good emulsion, , it was then stramed througli cloth 
;;cpMc,yentimeto^ were , placed; in small, stoppered Erlenmeyer 



NOTES ON COCONUT, COPRA, AND COCONUT OIL. 


115 


llasks. The samples \\’ere then titrated at various intervals with ™ potassium 

10 

liydroxide, the result being given in cubic centimeters required to neutralize: 


Time. 

Cubic 

centimeters. 

At once 

13.5 

1 day 

12.0 

2 days 

12.2 

7 clays 

13.8 

8 days 

18.5 


Cultures made at the end of the last period showed tlie presence of molds and 
bacteria. 

(h) One liundred grams of meat from the same nuts as were used in (a) 
were ground with 75 cubic centimeters of fresh coconut oil, 75 of water and 1 
of chloral; 25 cubic centimeters of the strained emulsion required the following 

amounts of ^ potassium hydroxide for neutralization: 


Time. 

Cubic 

centimeters. 

At once 

10.0 

1 day 

11.0 

2 days 

11.5 

7 days 

24.0 

8 days 

27.5 


Cultures made at the end of eight days showed that the flasks were no 
longer sterile; tliey had all become slightly discolored at this time and 
in some cases possessed a bad odor. The slight increase in acidity in 
this comparatively long term must therefore be attributed to the actions 
of organisms, not to enzymes. 

ATTri\[PTS TO KEXDEE AX EXZYJIE ACTIVE. 

Connstein, lloycr and Wartenlicrg,- working with lipase from the 
castor bean, have shown tliat its rapidity of action is greatly increased by 
the addition of a small amount of acid. The following experiments were 
made to discover it this might not likewise render active any enzyme of 
the coeoniit which might be present. 

cocox XJT FOOT AXD COCONUT OIL WITH JiyDROCHLOEIC ACID. 

Experiment VII. — (a) Fifty grams of the foot from a uut with sprout about 
1 meter long were shaved into fine pieces and ground in a mortar, first with 2 
grams of chloral hydrate, then with 50 grains of fresh coconut oil and finally with 

25 cubic centimeters of ^ hydrochlorie acid. Ten cubic centimeter portions of 
d. Ohem. Ges, (1902), 35, 3988. 
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tlie resulting mixture were then placed in small, sto])])eretl Erleiimeyer llasks and 
titrated from time to time with potassium hydroxide. 


Time. 

(Uibie 

ecu U meters. 

At once 

10.0 

1 diiy 

10.0 

days 

1 1.5 

5 days 

10.5 

8 days 

11.0 

14 days 

11.3 

23 days 

11.0 


The result shows that practical ly no hydrolysis had lakcii phuai in 
twenty-three days. The flasks at the end of this time remained slm-ile. 

COCONUT MEAT WITII JIYDROCIILOIUC ACID. 

{!}) One hundred grams of meat from a nut with a sprout iihout 75 conid- 
meters long were thoroughly ground with 2 grams of chloral hydrate a;nd 50 cubic 

centimeters of ^ hydrochloric acid; 10-gram samples of the mixture wer(‘. pi a, cod 

in small, stoppered Erleiimeyer flasks and titrated with ^ potassium hydroxitlo 

after the addition of absolute alcohol and phcnolphthalein. Tlie result was a.s 


Time. 

Cubic 

centimeters. 

At once 

8.5 

2 days 

10,0 

4 days 

9.1 

13 days 

11.1 

19 days 

11.2 

22 days 

11.5 


T.he flasks were practically sterile at the crul of twooly-two (lays. ^11 to 
slight apparent increase in acidity may ahiiosi l>e a('(t{nnde(l :foi* hy 
experimental errorj as in a non-hoinogcneous luixtuixj such ns this a:u 
exact titration is exceedingly difficult. 

EXPEESSEI) LIQUOR FROM FOOT AND, MEAT OF A 'SFIiOCTING Nl.1T IN EMULSION WITH 
COCONUT OIL AND CUM ACACIA 

Mseperiment VIIL — One hundred gi'ams of foot from a sprouting nut, 100 of 
meat from the same nut, 100 of sand and 100 cubic centimeters of a 2 per cent 
chloral hydrate solution were ground together in a mortar .for two hours and 
the whole mass expressed; there resulted a muddy liquor cohsisting of water and 
‘ partially emulsified Oil , Fifty grams of coconut :oll were rubbed up witli 20 
grams. of ^gu,ni acacia and 100 grams of, this. presS' liquor', to, form, a permanent 
■iemhlsiq%::10;' CuMc^^centim^^ wMch were' transferred to fl,askB and 
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titrated witli potassium hydroxide as hi the previous experiments. Tlie 
result Avas as follows: 


Conditions. 

At once. 2 days. 

G days. 

! 


cc. i €<i. 

0‘. i 

Press li(inor-4 oil i 

7.0 1 6.7 1 

1 9.2 I 

Press li(iUor alone 

9.7 : 9.0 ] 

1 i 

1 12.3 1 

i ! 


No cultures Avere iriacle from these flasks. 


CREAM EXPRESSED FROM COCOX UT MEAT, WITH ACPITIC ACID. 


Exiicrimciit IX . — {a) The entire meat from a nut with a sprout about 30 
centimeters long was ground in a meat grinder and pressed in a hydraulic press 
up to 450 atmospheres, 50 cubic centimeters of the thick, creani-Iike press liquor, 
25 cubic centimeters of a 1 per cent chloral hydrate and 2 per cent acetic acid 
solution were ground to an emulsion, AA’eighed in separate portions of 10 grams 


each and titrated in alcoholic 


solution with N potassium hydroxide. 


Time. 

Cubic 

centimeters. 

once 

l.T 

1 day 

1.7 

3 days 

1.9 

6 days 

2.05 

31 days 

2.15 


PRESS CAKE lUlOM MEAT, WITH COCOX UT OIL AXD ACETIC ACID. 


(5) The press cake from («) was dried over sulphuric acid at room tern- 
j>eratiire ami ground to a fine powder; 2.5 grams of this powder with 22.7 of 
coconut oil and 10 of acid chloral solution were ground together for tAVO hours in 

a mortar; 10-grani samples AA'ere taken for titration with ±- potassium hydroxide 


Avith the following results: 

Time. 
At once 
2 days 
7 days 


Cubic 

centimeters. 

1.10 

1.08 

LOS 


(ff) parallel experiment with the dried press cake from castor beans Avas 
made at the same lime; 2.5 grams of the cake, 22.7 of c(K*onut oil and 10 of 
add chloral solution being ground together, and K)-gram portions were ^titrated 

with H potassium hydroxide, with the result recorded below: 

Cubic 

centimeters. 

2.7 
12.4 , 

15.0 


Time. 
At once 

1 day 

2 days 


71978—2 
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EXTKACTEDj DIUED AND DUIA-KIUZED iilKAT AVITII COCONUT OIJ. AND ACETIC ACID. 


Experiment X. — {u) The moat from a nut with a sjn’out about 30 centimeters 
lon^’ ^y^ls cut into tine pieces amt extracted with cold ether until practically all 
the i>il was removed: the remainder was then dried in a current of air at 
room temperature, and finally in a vacuum over fused calcium chloridic tVheii 
drVj it was ground to a fine powder and again dried over calcium chloride; 2,5 
grams of this powder, 22.7 of oil and 10 of an acid chloral solution were ground 

"NT 

together and 10-grani j)ortioiis titrated Avitli — potassium h^alroxide, with the 


following result: 


Time. 
At once 
2 days 
7 days 


Cubic 

centimeters. 

1.18 

1.15 

1.05 


ih] The foot from same nut was extracted with cold ctln'r, dried in a 
vacuum, and ground to a fine powder; 2.5 grams of this powder, 22.7 of oil 
and 10 cubic centimeters of acid-chloral solution were ground together and 10- 

gram portions used for titration with ~ j^otassium hydroxide. There was 


practically uo change, as is shown below: 

Time. 

At once 
2 days 
7 days 


Cubic 

centimeters. 

1.38 

1.35 

1.32 


SUJVIMAEV. 


ExjieriBieuts wore first made wit1i coconut meat, iriiJk and (lie toot 
under varying conditions, to determine if tlicy w(.‘rc ca])a])le of liyclroliz- 
ing etlrvd butyrate aceo]*ding to tlie motbods employed by Ivastio and 
Loevenhart, toluol being used as an antiseptic. In most cases no 
increase in acidity was noted, irowover, wlion liydrolysis did occur Ibe 
tubes were found not to lie sterile, ilie coiulusion being that toluol is 
not a sufficiently strong antiseptic to prevent tlu-i growtli of organisms 
in coconut extracts. 

When formalin was used in, a dilution of 1 to 7,,()d0 tlio liydrolysis was 
entirely stopped. Formalin, of this strength has almost no elfeci on 
enzyme action, ‘ ^ 

After this failure to hydrolize etliyl butyrate by nieans of exi;ratits 
from the meat, milk and foot, attempts were made to emulsify and 
hydrolize pure coconut oil according tp the method of Oonsteiii^ lloyor 
and Wartenberg^. using different portions of the coconut, instead of 
castor beans. In no ease were these attempts successful under sterile 
although parallel experiments ' caiiied on ' with,; castor bean 
press cake showed a decided hydrolysis. : , 

In, none of these experiments^ which .extended over a. period of: seven 
months^ is the slightest proof given of the existence ih the coconut of an 

'ffJ^owihg' ,nut. The 
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t-aiise Tor the (le8lrufti(»n oT i.he fal in the ^^'rowing nut imisl liKM’thore he 
soiiglit elsewliere. A diseiissitni ot ilie ('lianges taking place in the 
sprouting nut is g!\en in the inllov/iiig chaploi*. 

jj. curAXTJns ix" tue cunposjTiox' on the coooxut while snaorTiAG. 

Four pairs of s])roiiting coconuts of iliiferent ages ])iit a[)proxiinately 
ol: the same size \rere selected fur tins work and tlieir coiriposiiion de- 
terniined as follows. 

TOTAL WEIGHTS. 

After measuring the length of the s})r(jiit, the total weiglUs of the whole nuts 
(ineliicling the slieli hut free from husk). Hie milk, foot, moat ami sprout (with 
roots) were determined at once. 


Three samples .of 10 grants each Avere taken from each nut for analysis, viz: 

Ten grams from that portion of the meat nearest the foot; 

Ten grams from that portion of the meat farthest from the foot ; 

Ten grains as an average sami>le of th.e remainder whicdi in Table I is 
calculated on the total. 

Moisture . — The materials were dried for live hours at 100° C. 

Oil . — The dried meat Avas ground to a line pulp in a mortar and extracted in 
a Soxhlet cone Avitli chloroform. 

Bur/fir . — ^After removal of the oil the remainder Avas extracted with 50 cubic 
centimeters of water for three hom*s in tlie same apparatus as aatis used for 
oil extracd'iom the solution Avas then placed in a 100 cubic centimeter flask, 
clarified Avith basic lead acetate, the excess of lead remoA’ed Avith potassium 
(jxalate, the wlnde diluted AAuth Avater to 100 cubic centimeterSj filtered,, and 
after inver»sion. the sugar determined in 25 cubic centimeters of the filtrate by 
Fehling's gravinietrie method. 

Crude fiber . — This Avas^ determined in the residue from the extraction with 
water, according to the method of the AsHueiufion of Official A(/ricultiirul 
Chau ists. 

FOOT. 

kwpf'/r. — Temgram samplt^s were ground to a line pul|.> and placed in a 100 
cubic centimeter flask witli about 50 cubic centimeters at water, they w'ere then 
allowed to stand at room temperature Avitii oi'casional sliaking for three or four 
hours and diluted to the mark after the addition of basic lead acetate and 
potassium oxalate. Twenty-liA'-e cubic centbneterKS of the filtrate AA'ere inverted 
and the sugar determined by FehlingA gravimetric method. 

Crude fiber . — determined according to method of the Assoemfion of Offkdal 
Agriculi ural Chemists. 

MILK. 

Bit gar.- — ^Fifty-gram samples were clarified, diluted to 100 cubic centimeters 
and 10 cubic centimeters taken for the Felding determination (eqniATilent to 
5'gram samples)* 

FREE FATTY ACID IN THE OIL FROM THE MEAT. 

After determining the percentage of oil in the meat, the oil was titrated in 

isr ' ' ’ 

aleoholie solution Avith -A potassium hydroxide, plienolplithalem being used as 

an indicator. ' ' , , 

k The resitlts arC' the following table: , , 



Table 1,—GJianges taking place in the coconut during sprouiing. 
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DISCUSSION OF THE CHANGES TAKING PLACE. 

MiUc . — Tlie total quantity of in ilk shows a marked diininiition from 
374 grams in an iiiisprouted nut to nothing when the sprouts have at- 
tained a height of 93 centimeters. A decided loss in the sugar content 
of the milk takes place at the same time, as this constituent falls from 
2 per cent and 2.3 jier cent in the milk from the iiiisprouted nuts to 0.3 
pej* cent in the ones which have sprouts 38 centimeters in height. 

d/cn/. — Here also a decided loss in total weight is evidenh as it drops 
from 457 grams in nut iiiimlier 1 to 148 grams in number S. The loss 
seems to be due to a direct absorption by the foot^ the process taking 
place at first only in that portion of the meat located near the latter, 
hilt increasing rapidly as the endosperm grows larger and conies in 
contact with the entire inner surface of the nut. 

Oil in the meat. — The loss in total weight of oil is fairly proportional 
to the loss in total weight of meat, the percentage of oil in the meat 
remaining constant within the somewhat wide limits of individual varia- 
tion. However, during the early stages of germination there is apparent 
a ceiiain concentration of oil near tlie foot, with a corresponding loss 
in that portion of the meat farthest away. 

ITa-f^r in the meat. — ^As is the case with all the other parts of the nut, 
the meat gradually loses water by evaporation through the shell and 
sprout during the process of germination. 

Suf/ar in the )neat. — The percentage of sugar decreases from 4.1 per 
cent in the uns])roiited nut (number 1) to 1.2 per cent in number 8. 
Tiie loss is probably due to the absorption of sugar by the foot, as in all 
eases there is considerably less sugar in that portion of the nut in direct 
contact witli the endosperm than there is in the parts farthest away from 
it. 

Crude fiber in the meat. — Xo decided change in the proportion of this 
constituent can be observed. It is absorbed at practically the same rate 
as the rest of the meat. 

FOOT. 

Total weight. — Tlie total weight increases from 19 grams in number 1 
to 228 grams in number 7. 

Sugar in the foot. — There is apparently a loss in the percentage of 
sugar (although not in its total weight) until the foot completely fills 
the nut, at which time there is a rapid gain. This phenomenon is 
probalfiy due to the fact that the foot at first draws its sugar eliiefly 
from the milk h}?' which it is almost entirely siiiTOiinded. However, as 
it continues to grow, it soon exhausts the sugar in the milk, and only 
wlien it has completely filled. the nut and come into intimate contact 
with the inner surface of the meat has it an opportunity to continue the 
process of sugar absorption and also one of sugar creation, possibly from, 
the oil, or possibly from oil and crude fiber. 
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Crude filer in the foot . — A slight iijcmisc in ihh eoiislitueiit (from 
1.1 per cent and 0.9 per cent in nimiliers 1 and 2, io 2 ])er cent and 1.8 
per cent in iiiniibers T and 8 respeeti\'ely) 'will ho noied. 

If ire consider the total weights of the const itiieiits, oil, sugar, and 
fiber, the following changes may 1)0 remarked : 

i9;7.„__A decrease from Ifio grams in nnml)cr 1 to IS grams in nund)(‘r 
S is observed, or a total loss of 85 grams. 

Sugar . — There appears to be a. considerable loss in Iota! whght o! 
sugar during tlie intermediate period of germination, which is liowevcr 
again made up at the time the foot fills the entire nut. Tni'inaise in 
sugar takes place in the, foot. Considering the first and last of (he series, 
nmnbers 1 and 8, the following changes in sugar (aintent have takc^n 
place : 



Crude fiber. — There is a slight loss in tlie total weight of fiber in 
foot and meat, which is more than made up by the increased widght of 
sprout and roots. 

Free fatly acids and oil from tlie meat . — From the beginning, the oil 
from the meat nearest the foot is invariably ricliest in fatty acids, 
niunber 1, for instance, yielding 0.92 per cent in that portion, while 
tlie balance contains but 0.27 per cent. This difference becomes mon‘ 
marked as germination progresses; it is only wbeii foot lias come 
in complete contract with all the meat that an ijKn:easi,i in fa.tty acids 
tlirougiiout tlie wliole nut is observed, indicating that oil, to la^ in a 
condition for absorption, must be hydrolized. This hydrolysis may iak<^ 
place as tlm result of an enzyme in the foot, or be caused by one in ilu^ 
meat, which is dormant until rendered active l,)y some iirodud. of 
metabolism in the foot. However, as I luwe stated in the piv.vimis 
chapter, it was not possible to, prove by an increase in hw lu.fid the 
presence of any fat splitting enzyme in the coconut. Such an euzyine 
may exist, bni under such conditions that any large excess of free a,cid 
must he used up by the growing plant before the jjroeess can continue. 

A summary of tbe changes to be detected by cliomical analysis of the 
tgTQ^ng,coconutzsasfollows: 

me^at; it is , not ' takmr up as such by any other 
is; either bhmed tointmish eneigy for the growing 




NOTES ON COCONUT, COPIiA, AND COCONUT OIL. 123 

plant or is split ii]), being transformed by progressive SNoithosis into sugar 
and final ly to cellnlose. 

Sugar is lost by meat and milk, Init a correspondiiig; quantity is 
gained by tbe foot, the total amount in the nut remaining ap[)roxiiHately 
the same. 

A small amount of crude fiber is lost by the meat, but a niiicli lai^ger 
(jiiaiitity is produced in the sprout and roots. 


III. THE ACTION ON COPRA OF MIGROUROANISMS IN PURE CULTURE. 


It has been shovm prcnuoiisly that moist copra is readily attacked by 
niLcrobrganisms with consequent splitting up and destrueiion of the 
oil and it has also been proved that the action of such organisms is most 
])ronounced when the copra has a water content of from 10 to 15 per 
cent. Wit!) this content of moisture the mold growth lai’gely predomi- 
nates over that of the bacteria. IVlien much more water is present, and 
the bacteria are in excess of the molds, destruction of fat is greatly 
diminished. These observations led logically to the belief that hydrolysis 
of oil ill copra, was due to the action of molds alone, although the data 
available at the time tlie previous work was done did not exclude the 
])ossibility of symbiosis and interdejiendenee in this fat-splitting pjroeess 
!)etween molds and bacteria. Dr. Edwards, of the Biological Laboratory 
of this Bureau, undertook further work to settle this question definitely 
and in pursuing it separated as many different organisms as possible, 
some fifteen in all, from several samples of moldy copra and eoeonut 
meat, finally succeeding in isolating in pure cultures the majority of the 
grovdhs present. As a culture medium he used sterilized eoeonut meat 
ill most instances. Tlie subsequent procedure was as follows : 

Ten-gram samples of ankvdrous copra were placed in large test tubes stop- 
pered with cotton, and after the addition of 1.50 grams of water these were 
sterilized in an autoclave for half an lumr. It was found by experiment that 
about O.iO gram of water was taken up by tbe copra during sterilization, so 
that the samples thus prepared contained approximately 13.8 jier cent of moistxire, 
an amount wliieli bad been found previously to favor the growth of both molds 
and bacteria. The tubes were inoculated after sterilization with pure cultures of 
the organisms previously isolated, and allowed to stand at laboratory tempera- 
ture (26° to 30°) for forty-one days. . Cultures were then made from each tube. 
All tubes were dried to constant weight at 100° in order to determine the 
change in weight of the dry copra. Tbe latter was next extracted with chloro- 
form to determine oil and finally with hot water to take out the sugar, which 
was inverted and determined with Fehling’s solution. The changes taking place 
in forty-one days are shown in the following table. Only those tulx's which 
showed a good growth in this time and were proved by cultures to contain 
only one organism are noted. 

« This Journal ( 1006 ) , 1,123. 
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Table II. — The. decouipoeilion of copra hi/ bacteria mat muhh. 



Weight of dry 
copra— 

Oil. 


Sn 

gar. 

fliuleU'r- 


At start. 

s 

-c 

o 

o 

Fh 

O . 

±I 

a 

O 

Weight. 

1 

rji 

tJl 

O 

O . 

ii 

s 

o 

1 Free fatty acid. 

Weight. 

1 

I Gain ( — ) or loss 

1 

Nitrogen, color- 
ing matter, 
eelJiilose. etc. 

o . 

T'i 

a 

'3 

o 


Gm. 

Gm. 

Gm. 

Gin. 

Gm 

P. ct. 

Gm. 

Gm. 

Gm. 

Gm. 

Control of sterile eopra — 
Bacterium CB2, faii'ly 

10.00 

9.99 

- 0.01 

<;.94 

0. 00 

0.20 

0. 45 

0. 00 

2. 60 

0. 00 

good growth 

Bacterium CBl, fairly 
good growth, copra 
somewhat darkened, 

10.00 

10.05 

H 0.05 

7. 13 

+0.19 

0. 86 

0. 48 

1 0. 08 

2. 84 

— 0. 2(5 

slight sour odor 

Bacterium WS-l-G, fairly 

10.00 

9.36 

-0.64 

6. 64 

-0.80 

0.2i 

0. 08 

0.37 

2. (54 

1 0. 04 

good growth 

Bacterium ^T5-i-6T, very 

10.00 

9.98 

-0.02 

6.92 

-0.02 

0. 20 

0. 50 

■1 0. 05 

2. 5(1 

O.Ol 

slight growth — i 

Mold W51, white, good 

10. 00 

10.03 

H-0.03 

6. 91 

—0.03 

0.20 

0, 50 

-i U. 05 

2. (52 

H 0. 02 

growth, no odor 

Mold W3, dark green, 1 

10. 00 

9.17 

-0.83 

6. 06 

-0. 88 

2.0 

0. 04 

0.41 

3, 07 

■1 0. 47 

good growth 

Mold WiSih, good grow'th 
in 6 days, ethereal odor, 

10.00 

9.13 

-0.87 

6.14 

-0.80 

3.8 

0. 07 

- 0.38 

2. 82 

1 0. 22 

9 days 

Mold AspergillUii cakn- 
atiiH, rapid, heavy 

10.00 

8.84 

-1.16 

6.09 

—0.85 

24. 7 

0. 02 

- 0.43 

2.73 

-i 0. 13 

growth after 15 days 

Mold Aspergillus jlavus, 
good growth in 7 days, 
ethereal odor after 15 

10. 00 

9.37 

-0.63 

6.32 

- 0.62 

8.3 

0.05 

■ -0. 40 

3.02 

+0.42 

(lays._ 

Mold \V3, 4, 5, good growth 
in 5 days, slight ethereal 

10.00 

9.13 

- 0.87 

5. 56 

-1.38 

12.0 

0. 06 

-0.39 

3, 51 

>!■(). 1)1 

odor after 15 days 

- 

10.00 

9.47 

-0.53 

, 

6,24 

0.70 

0.0 

0.03 

0. 42 

3.20 

i 0. (50 


it vas at first intended to identify eaeli (irgamisin wliidi was nsiMi. 
experimentaliy, bnt this was found to be iiiipraelieiiblu in this wnuiLry 
w'here all literature is not available, except in the case of two molds, 
Aspergillus catemiiis and Aspergillus flams. It also seems prol)al)l(,» 
that the majority of the other organism found in moldy eo])ra in the 
Philippines are new and not yet described, and our mycologieal work is 
not yet far enough advanced to render descriptions of them possible. 
However,' the main object of the experiments, namely the differentiation 
between mold and bacterial action on copra, has been aecotnpliahed. It 
is evident that in every tube containing an active mold culture, a decided 
loss in total weight (dry), ranging from 5 to. 11 per cent of the original 
wei^t, occure if the gain or loss in; dry. copra is first considered. , 
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Only one ])aeteriiiin, CBO eaiir^os any ai)preeia])le loss in total weigiit. 
'^Fhe molds destroy a eerlaiii pereeniagc of the oil, and tlie greaier propor- 
tion of the diminution in -weight is due to this cause. These losses vary 
from 0.(5‘^ to l.o8 giam, which figures represent to 10.0 per eent oi 
tile original weight of oil and they are in eacli ease accoinpaiiied by 
hydrolysis of the oil to form fatty aeids and glycerine, the dual ]»ereeiitage 
of free aci<l varying from 2 in tiie case of "‘\V51d' to per cent with 

Thei’e seems to he no relation betw'cen the percentage of free acid 
present and the total oil destroyed at the same tiimg, the tubes containing 
the highest and tlie lown^st iiercentage of free acid showing practically 
the same loss of oil. On the one hand, only one bacterium, '“CBl/' 
caused diiniiiiition of oil and this only to the extent of 0.3 gram, winch 
is less than that brought about by the mold with the weakest action. 
Loss in oil is not accompanied by hydrolysis in this ease. On the other 
hand, one bacterium, appears even to have caused a slight gain 

in total oil. The sugar is almost completely destroyed by all molds and 
]>y bacterium The mid etc v mined matter show's a decided gain 

wherever mold action has taken place, tins result being undoubtedlv due 
to the weight of the mold itself. 

Bacteria in all cases but one have produced no elumge in this con- 
stituent. ^"'CBl” has caused a loss of 0.26 gram. 

The results given above, wlien applied to the question of tlie diniimi- 
tion in value of eoininereial copra w'dihLrender it certain that such copra, 
if. mold If, has suffered a loss in total oil, of course not in all probability 
as great as I noticed in some cases (19.9 per cent), for my copras were 
placed under the most favorable conditions for the maximum of mold 
action, but nevertheless this cdiange must amount to a sufficient quantity 
to be considered in tlie purchase of copra which has suffered from the 
action of molds. 

Such materials undoubtedly can not give as good a yield of oil as 
others which have been carefully dried and preserved. HoweA'er, another 
factor must also be considered. Poorly dried and ])reserved copras, if 
a sufficient quantity of waiter (above 15 per cent) is present, suffer from 
Tjacierial and not from mold action d in wliich event no dimiiiiition of 
oil -would be oliserved, but nevertheless haeteria so disintegrate and change 
tlie copra that a slimy, soft mass, difficult to wmrk so as to procure pm-e 
oil reasonably free from acid, results. A liad^mdor also frequently ac- 
companies such copras. In the Philippines a large amount of copra is 
dried liy means of open fires in pits, the coconut meat is placed in 
bamboo gratings above, the fuel being the husks of the nuts. These 

^This is clearly set forth in my paper on this snhjeet In This Jotirm.1 (lOCHS), 
1, 58. 
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conditions subject tlic materials more or less to the action ot smoke, and 
it is not inipossible that this ])roec(liiro brink's with it a, sli,i>;ht aiiiisi^ptic 
action 'whieli AV()nld teiid to diminish the siibstH[ncnt i^'rowh h ol oi\i!,’anisms 
and work in ;favo]‘ ot the Final ])erccnl,ai>-e of oil to ])c ohlaiimd in lexirai^ 
tion. ISTevertheless, the argonients are all in favor of j)i’(^pa-i*in,n’ a, tleaiL 
white, perfectly dried co])ra, wliicli will not allord a miuliuin lor ilu‘ 
growth of organisms unless the conditions of shipping whiih surround 
it arc such as to allow of snllicieut al)Sor[)tiou of wai,er after drying; to 
facilitate mold growth. 

SUMMAIIV. 


Six different molds, any one of which is capable of hydrolyzing and 
destroying fat, have been isolaied'from among the many organisms found 
growing on rancid copra and coconut moat. 

This fat destruction is part of the life process of the mold, and is 
independeut ol: haeterial action, since it proceeds equally well in pure 
and in mixed cultures. 

Copra which had been acted on lyy molds was found to havii snirertul 
an almost total loss of sugar. 

The bacteria found on copi'a have very little (dfctd on the quality or 
(jnantity of oil produced from it. A slight diminution in total weight 
of oil waS' found in only one case to ])e due to bacterial action. Traetim 
ally their only effect is the production of a more or less disagreahle ''hour’^' 
odor and the disintegration of the meat. 

It is good commercial practice to prepare only the host, while, ])(u*fcetly 
dried copra. 

IV. THE PllODUCTIOII OF FREE ACII) TN COJylMiniOJAL OOOONUT OIL OH U)HG 

STANDINO. 

About 1 liter of crxule eoconnt oil, freshly made, from a ralher poor 
cpiality of copra, was taken directly from a coconut-oil fa(d,ory and allowia! 
to stand in a large, wddennonthed bottle for Iweniy-thna) days, until most 
of the turbid matter had settled out. During Ihis lime the fi'ci^ fa/K.y 
acids had increased in percentage from 6.9 to 7.4/‘ or at the ralc^ of 
about 8 per cent total increase per year. This rate of increase was fidly 
double that which might be expected from a eommereial oil of nn i nil ini 
acidity of 6.9 per cent, and it was thought possible that some almormal 
influences were at work on this freshly prepared oil, which might or might 
not coi^tinae their effect on long standing;, the logical idea being that the 
comparatively rapid splitting up of fat in copra by the aetion of mnlds 

, ^ Phis figure represents the clear portion of .the oil. After shaking tiui bottle 

obtain,® t representative sawplc, together with; secliment, ,etc., a figure of 7.0 
per cent was obtained. ' - 



NOTES ON COCONUTj COPEA, AND COCONUT OIL. 


127 


^ys.B being continued in the oil, either portions of the mold carried 
over through the faeto]*j fdters, or ])y enzymes uhich were expressed and 
which w'oiild find their wmy into the final product. 

In order to determine if this supposition were eorrect, a number of 
oO-gram samples of tlie oil were subjected to dilferent treatments, such 
as filtration to remove sediment and most of the water, the addition of 
antiseptic, sterilization by heat or ])y a combination of all three of tlie 
above processes. The oils were heated at a temperature of 100“ in a 
water oven for tAvo hours: ordinary quantitative filter paper tvas used 
for filtration. Thvo samx)les from each treatment were prepared, one 
])eing kept in a 100 cubic centimeter bottle Iialf full, the other in a 50 
cubic centimeter bottle filled to the neck. Unless otherwise stated, 
samp)les Avere sealed Avith paraftin and kept in the light. One sample, 
in the ease of numbers T aud 8, Avas kept in tlie light in 100 cubic centi- 
meter Erlenineyer flasks Avitli sterilized cotton plugs, Avhere air and liglit 
might bo expected to play the leading part in any change produced; the 
other samx^Ie aaxis kept in a wooden box covered with black paper. 

The folloAving table sIioaA'S the change in acidity during a period of 
tA\m years: 

Table — Change in acidity of coconut oil standing under different eonditions for 

tiro gears. 



Description of oil. 


Description of 
paclcage and 
condition. 




1 

From original bottle unhealed, 

[a. Small bcittle— 

7.6: 11,2 i 

3.6 1 

11.6 ; 

0.4 

4,0 


unfilteredj.no antiseptic. i 

ib. Large bottle- 

7.6 1 11.0 

3.4 : 

13, 4 i 

2.4 

5.8 ; 

2 

Unhealed, jUtend. no antiseptic _■ 

fa. Small bottle- 

7,4 : S.S 

1.4 ! 

9.7 ; 

0.9 

2.3 i 



lb. Large bulilc-.. 

7.4 i S.S 

1.4 

11.2 

2,4 

3. 8 : 

3 

lTnheate<l, unfiltere«l, 0.0,1 prv 

ja. Small bottle.. 

7.6 : 9.6 

2.0 

10. 9 

1.3 

3.3 i 


C(int chloral. 

lb. Large bottle.. 

7.0 1 9.2 

1.6 

11.9 

*> 1- 

4.3 

4 

Unheatcd,>/ffm?, -{u.OOpcret nt 

fa. Snmll bottle.. 

7.4 ; 8.7 

1.3 

9.5 

o.s 

2.1 ; 


chlaml. 

Ib. Large bottle — 

7 , 4 ; 8.7 

1.3 

10.2 

1.5 

2.8 : 

5 

Hrated, imliltercd, -fd.07 per 

pi. Small bottle- 

7.6 i S.9 

1.3 

9.9 

1.0 

2.3 I 


emt chloral. 

lb. Large bottle.. 

1 7. 6 1 9. 0 

1 

11.2 1 

2,2 * 

3, 6 i 

I '6 

Heatf'd, ^tered, O.Oii per end 

|a. Small bottle- 

1 7.4 1 8.2 

1 0.8 

' 8.8 i 

0.6 

1.4 


chlural. 

lb. Large bottle.. 

1 7 , 4 ! S.9 

1.5 ^ 

1 10.4 

1.5 ‘ 

3. 0 i 

7 

Heated, unfiirered, -l-O.Oc per 


j 1 


i 

1 

1 i 


cent cMofal, kept in Ehrlen- 

ja. In light 

i 7.4 ; 9.6 

2.0 

1 13.0 i 

1 3.4 

' 5.4 i 

i 


meyer flask with cotton stop- 

lb. In dark 

i 7.4 9.6 

2.0 

1 «12.H 1 

3.2 

5.2 

1 

per. 







8 

Heated, JUkred, -\-0.05 per cent 

(a. In light 

7.4 11,0 

3.6 

1 - 15.0 

4!o 

7.6 


cJdorai, kept same as number 7. 

Ih, In dark 

7.4 11.6 

4.2 

i *^15. 9 

1 

4.3 

8.5 


a Since up increase in acidity due to tbe action ot 'ligM could be observed after one 
year, tbe samples previously Ikept in tbe^ dark were taken out and 'placed alongside the 
others serving simply as a 'check on the determinations. 
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It k neeessiirv for tlie inlorprclation of tliese resiills to consider iho 
many factors which may enter into the decojiiposiiion of a finshly pre- 
jrireiL eoininereial coconut oil. 

First, we may have ])resent fat-splitting molds, albiiminoitls, sugar and 
watej‘, wliicli cause iiie turbid appearance of commercial oils, it has 
been sJiown in a. previous jaiper^’ that mold action on copra is ilui 
princi])al factor in determining the initial acidity of an oil^, and that, 
these same molds in the presence of siitlicient nutritive niathir nmy tdTeci 
the ra])id decomposition of eV’Cn a ]nire oil. Fevonil, soluble or insoluble 
enzymes ])rodueed !)y tliese molds may be the cause of the rise in free 
fatty acid. Third, surface oxidation by the air, possibly assisted by ligld., 
may take part in the decomposition. This surface oxidation is always 
accompanied by a pungent, disagreeable odor, ami the formation of 
aldehydes and peroxides. Fourth, siin])lc livdrolysis by beat and inoisiur(‘ 
may be a factor. 

Considering first sample nmnl)er 1 of this series, it is evident that t-h, 
the sample in the large bottle^ may be subject to any one or all of the 
foregoing factors causing increase of acidity, while 1-a, being in a prac- 
tically full bottle, may be affected by any influence except that of oxida,- 
tion by the air. Any marked increase in acidity, ihen, of 1-1) ovei* 1-a 
would be due to surface oxidation. By roference to the table we find 
that during the first year there has been practically no difference in Ihe 
rale of increase of acidity l)etween 1-a and 1-b, which show .respcctivcdy 
a gain of SA) and 3.4 per cent. The second year, liowever, indi(uites a 
decidedly dif!x-?rent condition. Wliile 1-a lias only gained 0.4 ptu: cent 
free acid, 1-b has increased 2A per cent, leaving a dilference* of 2 [au’ cent 
which can only be due, aside from experimeniaJ error and an ijidividmi) 
variation in the samples, that should at most amount f-o no more Hum 
a few tenths of a per cent, to surface oxidation by the air, ''Ihuj ([lU'siion 
naturally arises, why should a ])eriod of two yoirs ])e ret:|uired for lliis 
difference to show itself? can he accounted for by two llieoric^s: 

First, the presence of inokls and of nutritive bodies such as suga.r and 
albumen, which would lie in the oil in larger tpiaatity in the fli'si ymr 
than in the second, is not favorable to the foi'mation of 'plU’oxid(^s of 
the fatty acids, a fact I have previously noted in testing puix^ and (,'tjm- 
inercial oils for peroxides and aldehyd(«; ^ second, it is jjossiblc that this 
inhibiting effect may be niutual, so that oxidation once started would tend 
to kill off or cheek mold or enzyme activity in 1-b .sooner tlum this 
activity would naturally cease tlirough lack of nutriment in 1-a. In 
either ease the result would be the same and the combined effect of; the 

id':’?' vb’hbbyh ^TUs Jmirmt {WQ), Af 139 . 
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two proces&^es, oaoli ultimately in the [)i-n«lueiinn of tree aei<L 

iiiiglit be less tliaii either ot them working* sing’lv. Tlie probabilities are 
that oxidatio7i does not set in nnlil most of the iiiiiritive siibsranees 
present in the oil are used up, thus it would be naliiral to expeet that 
for a certain ])eriod of time no diifereiiee in the rate of aeidiliiaiiioii «d‘ an 
oil, due to the size of the eoniainer, would be oh.-^m'Vish 

Sample number o was tillered, removing molds, albuminoiis matter 
and any enzymes iiisolnble in oil, together with most of the water. Ihir- 
ing the first year an increase in acddlty of 1.4 per cent tvas noted. The 
difference between this figure and d.n ]ier cent, the increase of 1-a for 
a corresponding time, gives 2.2 per cent whicli may lie artril.aited t<i 
molds and insoliilile enzymes. Practically no diirerencig due to size ot 
hotfcle, is observed in number 2 as well as in nearly all the other sampl!‘s. 
during the first year, although it is (ptite marked at the end ot the 
second year. Xiimlier 3 differs from number 1 only in containing a 
small amount of antiseptic. It shows l.d per cent less increase during 
the first year than number 1. This can be clue only to inluliition of 
molds. During the second year 3-a has increased 0.9 per cent more 
than 1-a, a fact for whicli I can find no explanation, except tliat during 
the second year some surface oxidation may have taken place, even in the 
small bottles. Five cubic centimeters of oil had been removed for 
titration at the end of tlie first year, thus leaving a small air space. This 
being tlie case, somewhat wider variation in acidity might be expected. 
Tim figure of 0.4 increase for the second year in the ease of number 1-a 
seems exceptionally low, compared with the other samples during tliis 
period. 3-a has increased only a trifle more in acidity as compared with 
‘2-a, thus proving that the addition of antiseptic has about the same effect 
as filtration and that most of the difference in behavior of a filtered and 
an unfiltered oil is due to the removal of molds and insoluble enzymes. 
Xiiniber 4 was filtered and treated with antiseptic vdtli results wliieli 
practically correspond with those of 2 and 3. Filtration ap})ears to lie 
slightly more efficient than adding antiseptic. It is quite possible tliat 
cliloral in the strengtii used does not have an immediately fatal effecd 
on fat s])litting molds, although it certainly 'inhibits their action to a 
very marked extent. 

Xnml)ers 5 and fi have both been heated at 100° ami treated with 
antiseptic, thus eliminating mold and enmne action, and in tlie case of 
lull bottles leaving only the factor of hydrolysis to be eoiisidered. xks 
would naturally be expected, the filtered sample, f>-a, has increased in 
total acidity considerably less than o-a, from which the water was not 
removed. Only number 6 of the whole series shows practically the same 
difference at the end of each year between tlie full and the half full 
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hollies. I'lie sli,a‘ht, hut iVi»iilar, iiicrease in acidity of (i-a, is [)i‘oi)ahIj 
due to 11)0 liyilrolyiit' aciioji of a trace of water not removed hy liltra- 
lion, eoiuhined vitli the free fatty acids already present. Some sligld. 
oxidation also may liave taken place, as the buttle was not al)soliit(‘ly frc'e 
from air. 

tN”iimbers T and S, steriliml and kept under antis(‘pti(^ (conditions in 
Erlemneyer liasks, with a large oil surface e.xposcMl and fnn ac'cess of 
air through the cotton plugs, practically doubled their jieixamtagx^ of free 
acid ill two years. Tiio filtered samples of number 8 sliow coDsidiiiubly 
more increase than the irnfiltered oils numbered '7, a fact wliieh limds to 
confimi my belief that as a general rule the freer an oil is from moislure 
and impurities tlic more quickly is it subject to oxidation when (e\|)os(jd 
to the air. The samples kept in the light have not incmased in. a.cidily 
any more than those kept in the dark, in fact, 8-b at the end of one 
year contains 0.6 per cent more free acid than S-a. 

In view of this latter work, indicating tho; considerahlo' valuation in 
acid content of the same oil wldeh may he luxuight about liy dilforent sized 
containers with consequently varying amounts of oil exposed to tlu^ air^ 
it was decided to bring to a close tlie soiues of oils described in a previous 
paper® and which were set aside to deterniino the amount of fr(w. mud 
which might be produced on standing, since after the fu'st yea.!*;, most of 
tlie further increase in acidity would be dependent to a veiy large extent 
upon the amount of oil surface exposed to air in tlie liottles. No 
attempt was made at the time when these sanqiles W(u*e pnqianul to 
exclude oxidation by keeping them in filled bottles, and with finv ex- 
ceptions no record wus kept of tluj ([uantity of oil in. a bottle, so Unit 
wide variations in acidity after the (Irsi yiiur were to lie expiwted. Uor 
convenience, a descrijition of the oils ns first made is mprinted luuu. 
together w’’ith a table giving their increase in fre(‘/ fatty acid from ili(‘ 
time of their preparation up to the jiresent daitu 

imscRimoN OF oils usnn and DKseiur.Kn in taulf iv. 

(A) Expressed oil .froin vacuum-dried eupra. Has bwui for i,\vo hourn 

at 100° and filtered twice tlirougli paper. A light-col or (hI, cU‘ar oil w.ii}i tlu^ 
characteristic coconut taste and odor. 

(B) An oil similar iu every respect to ^*A^^ except that it was prepa 4 ‘(td iVom 
copra dried at 80° to 00°, without vacuum. 

(1) Ereali coconut meat grated and dried at 80° to 90° on August 16, 1904 ,; 
was allowed to stand in a covered specimen; jar until March 11, 1006. At that 
tiine tt was still of a pleasant odor and taste, although both odor and taste 
were not quite- aS' good as 'When the specimen' was fre'slily prepared. No mold 

5vh w " '' 3;' - ' 
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growth was present. A .-ample of oil was expressed from a })ortio!i of this ropra 
by using a hydraulic pre.ss willi a.> liiial pres.sure ot 45h kilogi‘ams per .square 
centiimher. This oil, after fill ration, was of a light yellow color and it was of 
a pleasant, altimugh slightly lairnt, odor and taste. 

(2) Oil iiiiinher 1 was heated at lOfU lor three Injiirs, \^■hi!e at the same 
time a current of air in a partial vaciuiin was passed through it. Tliis process 
leaves the color and free acid unchanged, but rtnnuves ahn<j.st all of the hiirnt 
(jdor, leaving a bland, almo.st tasteless, oil. 

(3) An oil from the same copra as numbers 1 and 2, ]>ut prepared by 
extraction with petroleum ether. Afterwards it was treated in the same manner 
as number 2. It ditfers from niunbers 1 and 2 in being praetietilly colorless. 

(4) Commercial coconut oil treated with alcohol and animal charcoal and 
then liltered; the alcohol was afterwards distilled and recovered. This oil was 
rather unpleasant to the taste, but it had no odoi*. 

(5) Commercial coconut oil treated with live steam; tliis removes the odor, 
but the unpleasant ta.ste remains. 

(0) Fresh meat, ground and dried in vacuum at 70° to 80°. The oil was 
exjmessed and once filtered: it possessed a very pleasant, eocoiiut-like odor and 
taste. It still contained a considerable amount of sediment. 

(7) Coconuts cut in halves and dried in vaeuimi at 75° to 85°. The oil 
expressed and filtered twice. It had a very pleasant odor and taste. 

(8) The same oil as number 7, heated at 100° for one and one-lialf hours 
and filtered hot. 

(9) The same as niunber 7, heated at 100° for one and one-lialf hours, while 
at the same time a current of air was passed through the oil under partial 
vacuum. Filtered hot and bottled. 

(10) Fresh coconut meat, ground and pressed in a hand press to remove- 
most of the milk. Afterwards this meat was dried completely l)y spreading it 
in the sun fur about live hours. The oil exprcs.sed from thi.s copra was almost 
water' white and witliout taste and odor- 

til) Coconuts split in halves and dried in the sun f<u’ five days. Ground 
and expressed. Yielded a ehunly, slight eolored oil, very hard to filter, with 
a peculiar, hut not iiipdea^^ant, taste and odor. Tliis sample was strained throiigli 
cloth but not filtered. 

(12) Same as No. 11, straiiu'd and filtered slowly through paper. 

(13) Same as number 11, heated at 100° for two hours ami filtered through 
paper. 

(14) Fresh nuts, split in halves and allowed to stand during one week in 
the air at room temjKTature (about 3U°). A vigorous mold growtli and an 
unpleasant odor developed. This nioldy meat was dried in a vacuum and the 
oil was expressed. Tliis was highly eolored and was rather unpleasant to taste 
and smell. 

(15) Commercial coconut oil shaken with 2 per cent of solid calcium oxide 
(burned lime), heated to 100” and filtered. The filtrate was treated with animal 
charcoal and again liltei'cd; there resulted n colorless oil which was very frcje 
from an unpleasant odor or taste. 

(16) The same copra as that used for niunter 1; was allowed to stand one 
month longer in an open jar, then expressed. 

(17) Oil expmsed from vacuum-dried copra which had stood for one month 
exposed to the air; the oil was heated to 100° and filtered. 
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l']Si fri>ni sini-driiMl eojirit and Ireatod in tlu^ same iiiaiuier as 

niimlier 17 . Botli of these samph^s \V(‘n‘ of as jdoasant a taste as oils from fri'sh 

eoj>!‘a. 

(19) Vaciium-dricMl copra wliicli liad stood in a cdoscsl di'siccator over wat(‘r 
iin' one niontli, and wliieli had accunmlaitMl a vmy decided oTowtli of mold. \i 
was drisni for one hour and ex])ressed. The oil had a consid(‘raJ>le color and was 
sli,i»;btly im])leasant as to taste and odor. Heated to 109° and liltered. 

l20j Sun-dried cojjra, treated in the same way as nimiher 19. Viedded an oil 
soiiicwhat darker in color hut otherwise much the same as munher 11). Filtinaal 
w’iiliout heat. 

(21) Same as numher 29, heated to 100° before filtering’. 

(22) The same copra as that used for sam])les 1 and 19 was allowed to stand 
for three weeks over water and for one w'eek in air, and thou dried anti pr(‘ss(al. 
A vip’orous mold growth appeared in the copra and a peculiar ethereal odor was 
apparent. The oil itself was of a light-yellow color, wi'th a pungent, rather 
unpleasant, odor and an extremely disagreeable taste. 

(23) Expressed from eomniereial copra, first c|uality, sun dried, Tatdohaii, 
Leyte. The untiltered oil is dark colored and cloudy, depositing a black s(‘dinn‘ni. 

(24) Same as number 23, filtered. Almost colorless. 

(23) Expressed from commercial copra, grill dried, Laguna (second quality), 
lNh)t filtered. 

(29) Same as number 25, filtered. Light yellow in color. 

(27) Expressed from eomniereial copra, grill dried, Romblon (considered 
second quality). The filtered oil is liglit yellow color. 

(28) Expressed from commercial copra, first quality, suii dried, Iloilo. Tlie 
filtered oil is light yellow in color. 

(29) *‘Langis'’ coconut oil. prepared by the customary native ])roe(\ss of 
grating the fresh meat, exhausting it repeatedly with Avai'er, and boiling down 
the emulsion thus obtained until it is nearly dry. The oil is then poured olf 
from the brown eoagulum which sinks to the bottom of the vessel. A freshly 
prepared oil, isolated in this manner, is very light in color and it jiosscsses 
a decidedly pleasant coconut odor and taste. Before iiltration it is mor(‘ or h‘ss 
turbid, owing to the presence of a small amount of watvr and of alliiiminoids. 

(30) Same as number 29, filtered. The oil is water wliite. 

(31) Best grade commercial coconut oil, probably made from fix'sh meat. 11, 
is light colored, hut very turbid and contains considerable water and suHpmidtHl 
inatter. 

(32) Coramerclal coconut oil, probably made from copra. Vho'y elixir but 
highly colored. 

(33) Commercial coconut oil, Manila. Probably made from fresh Tti<‘ai. It 
ctmtained couRiderable suspended matter and tvater. 

(34) Commercial eoeonut oil, Cebu. A highly colored ^himehr' oil Con- 
siderable sediment in the bottom of the bottle. 

(35) Commercial coconut oil, Tayabas, A highly coItoI rancid oil made 
dVoih ' copra., It is only a few months' old. 
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NOTES (L\ COCONUT, COPILV, AND COCONUT OIL. 

TxVISLE i\'. — Prrff'utdffc free fdtf ttritf (as oleic) ^ 


Xo. 

At .start. 

‘ Two 
i months. 

Four 

months. 

Six 

inonth.«:. 

One 
yea r. 

! Three 
years. 

A 

0. 06 

0.06 : 

0 09 

0. 60 

2.6 

9. 6 

B 

0. 0(’) 

0.06 ; 

0.08 

’'0. 48 


S. 9 



1 



1 <10.14 

1 0.37 

1 

1.2 

3.3 j 

1.5 

1.9 

3.1 

9.4 

2 

1,2 

1.5 1 

1.5 

1.7 . 

2.1 

3. 7 1 

3 

1.4 

1.6 : 

2.1 

2.6 

3.9 


4 

5.3 


5.9 

6.1 

6.8 

; 9. 0 

n 




7. 6 

10 1 

! OS; o i 

6 

0.10 

0.16 : 

0. 19 

0. 30 

0. 53 

i 1.9 i 


0. 16 

O.IS ' 

0, 19 

0.27 

0.39 

1.0 ! 

s 

0.16 

0.14 : 

0. 19 

0.30 

0.40 

0.93 ! 

9 

0.16 

0.16 1 

0. 18 

0. 25 

0. 35 

' 0.93 S 

10 

0. 16 

0. 16 i 

0.21 

0. 28 

0.54 

1. 5 

n 

0. 13 

0.18 I 

0. 25 

0.28 

0.43 

3. 5 ; 

12 

0.13 

0.10 

0. 10 

0. 14 

0.28 

1.0 1 

IS 

0. IS 

0.09 i 

0.09 

0.15 

0.28 

1.1 1 

14 

3.5 

3.7 1 

4.0 

4.3 

4.7 

5.7 ! 

15 

0.32 


0.88 


3.3 


16 

: 1.6 

i 1.7 ■ 

2.0 1 


4.4 


17 

i 0.09 

0.09 i 

0.14 

0.16 ; 

0. 25 

i 0.81 

IS 

0.16 

0.1S 

0.25 

I 0.27 ; 

0.44 

1 0.82 ; 

19 

1.18 

1.14 i 

1.34 ! 

1 1.58 ! 

2.0 

3. 5 ! 

20 

0.69 

0.69 ! 

0.74 : 

' 0.85 i 

1.1 

2. 7 ! 

21 

0.69 

0. 69 1 

0.74 : 

: '0.82 1 

1.1 

1 2. 0 ( 

22 t 

23.3 

! 


' 

30.0 

! 

23 1 

1.4 

1.6 

1.8 

2.0 ! 

2.5 

: 3. 9 j 

, 24 1 

1.4 ‘ 

. 1 

1.7 

1.8 [ 

2.5 

: 6.0 ! 

25 1 

2.6 1 

' 3.4 i 

3.6 

3.9 

4.8 

; 1 


2.6 i 

2.G ! 

3.1 

3.5 I 

4.5 

i 


2.1 i 

2.4 ; 

2.5 

2.8 1 

3.1 

1 4.2 j 

28 i 

3.0 ' 

1 3. 5 ; 

4.0 i 

1 4.7 1 

6.1 

11.4 ■ 

29 

o.os 

0.3S 

0.60 I 

1 0.69 1 

1.4 

i . 3. 9 j 

30 : 

0.08 

0.13 i 

0.16 

; 0.19 1 

0.80 

' 1 

31 I 

2.0 

2.9 


i ! 

7. 5 

j 

32 

6.8 

7.5 

7.9 

I S.1 1 

9.2 

! 16. 1 1 

33 i 

5.5 

' ' 

6.9 

1 ^-2 1 

S-2 

1 16. 5 1 

34 i 

' 8.7 


10.2 

1 11.0 i 

33.8 


' 35 ' 

5.0 

1 5.5 ’ 


1 i 

8.2 



a The greater part of the titrations at this period were made by Mr. L. A. Salinger of this Bureau 
who kindly continued the series during my absence from the Bureau. 

^This oil was kept in a large bottle. A sample in a small bottle showed an acidity of only O.OS a 
this time, 
c Large, bottle. 

Small bottle. 

Tile most apparent fact which is noted on examining these tables is 
the proportionately large increase in free acid after the first year. 

In some samples this change is so great and so unexpected as to 
appear/at first glance inexplicable^ but in such cas^' I have nearly' always 


71878 “3 



■\YALKKIi. 


l:U 

a1)!e to dotoor almormality in the eoiiditions iiiider whieli llu* 

sample had been kej)t. For inslaiicr, luimhers 1 and ’h samph'S of 
identically the same oil. tlie only ditFei*enec between wliii'h lay in ila* 
fart tliat iiiiiijbei.' *2 had b’Ctm treated for three liours wilh a (airrmd ol dry 
air to deodorize it, iiienaised in free acad in praidicadly lli(‘ saim' ratio 
(lorinw the first six months; at the end of a y(‘ar mimlK'r 1 ('oiilains only 
1 per cent more acid than nnmher 2 ^ hut after tliia'e yiairs shows 1). 1 pin* 
cent as against dd' i)er eeiu in luunlier 2 . On exaniining the holiJ(‘s in 
which tliese samples were kept I noticed that iiumhm; 1, oi wdiicdi a 
eonsiderahle qiiaiitity had been ])rei)ared at the start, was still in (he 
original 2o0 caihic centimeter Imttle in wliich it luid llrsi h(‘(m phuaah 
Altont half of this oil had afterwards been taken out for tlu^ p!-(y)ara,ii()n 
of iiiimher 2 ^ and tilled into a KH) ciihie centiiuchM* hottle. ddiis dii- 
fereiiee in tlie size of boitky tliem with a (^.orn^sponding- dilUnHod- surhua^ 
exposed to oxidation, must aceouiit for the 0.7 [)or emit excH'SS of fiav a(d(.l 
«jf nnmher 1 over niunher 2 . 

A still ]iiore striking’ exa]ii])Jo of the intlnence or siii’faee o\'i<lation is 
afforded by sanijjle B. This was an exetqitionally pure oil, sierile and 
freed as far as possible from impurities by r<q)eaied tilt rat ion. One por- 
tion of about 2b cid)ie centiraotei'S was transfenxal to a. small bottk^ mandy. 
but not quite, tilled, shortly after inepa ration, whih' in tlu^ oiig’inal fiOO 
cubic centimeter bottle there remained at the end of three years about 
20 cubic centimeters of <3il. The latter sample has increased in, acidity 
JS.8 per cent in tliree years, while the fonner, f,rom whitdi air w'us nearly 
completely excluded has guined onh^ d,dl per cent fine a.cid in llu^ sanu* 
time. Sample number 5, a commercial oil wdiicli changnal from b.b p(U’ 
cent free acid to 28.2 per cent, had orig’inally been treahal with liv(‘ 
steaiii to remove its unpleasant odor, and deiainted into a holth^ without 
Jiltering out all the water of eondensation from the steam. When (he 
final titration was made there remained hotweam b and 10 <udd(- tHmli- 
meters of oil, together with c<vnsid(‘rahh‘ water, so that liydrolysis by 
water undoulrtedly had much to flo with the large amount of free am'd 
developed. 

It will be noted that oxidation once started proceeds mor(! rapid! v lu 
oil already having a large free atdd content than it does in thos(^ eom- 
|:»aratively low in acidity (e(miparo mrmhers G to Id and 17 lo 21 with 
the commercial oils from number 2;] on). Extwqdions to tliis rul.(‘ are, 
aa above stated, due to abnormal conditions of storage. 

Thd behavior of these oils during the period, prior to the appewraiK^e 
of 'byidation has 1)6031 discussed in a previous paper and no n( 3 W data iiavti 
/h^hybrought out hy'^ storage which do- not 'tend to eoufumi the 
frawii^at that tima ' ' ■; ■ ■ ' " ' ^ ' 
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COXCLL'SroXS. 

11u‘ tU'terioratioii nf a freslilv prepared eornmeivia! eoconut oi! 
|>ro(hu*(Ml 1)\' at l(‘ast tiiree entirely iii(le[K‘ndeiit proeesr^e.- and may be 
divided into two distinct ])eriods ol' time. 

d1ie iirst, rapid sjdittiitu* u]) ol; tlie fat, beiriniiine: iimiiedialely after 
its ex]H*e^si()ii .from copi>t and continuing for several inontlis up to a year 
or more according to the niitinve niattei* present, is occasioinul Ijy molds 
wliich ai*e either pressed out with the oil together with sufficient sugars 
and albuminoids for their growth, or, in the ease of hot pressed oils, 
entcj* the fresldy jjrepared oil from tlie air. This action continues as 
long as sufficient Jiutritive material for mold growth remains in the oil. 
It may he completely checked hy liltration, preferal)le after lieatiiig to 
CP nioi’c thoroughly to c(aigulate alljuminoids and to destroy any 
ejizyim,^s already secreted by the molds. 

Toward the end of this®first period, oxidation hy the air sets in and 
may continue indefinitely. The rate of this process depends u])on the 
amount of surface exposed to the aiiy compared with the total volimie 
of oil, and may in extreme eases cause an exceedingly ra])id deterioration, 
ft may be entirely prevented by storing the oil in completely tilled recep- 
tacles, impervious to air. 

Along with tlie two above-mentioned processes, a slight hydrolysis 
due to heat, moisture and free acids already present is constantly taking 
place. It may ho reduced considerably by filtration, which removes most 
of tlie water, together with the organic* imjairities. 

There is reason to believe that some hydrolysis is bri)Ug]it about by 
enzymes produced by the molds, as uiiheated oils whieli have lieen filtered 
and- rendered antise]»tic increase in acidity somewhat more rapidly than 
do heated ones under the same conditions. Hotvever, this distinction is 
iKU so apparent after the first year. 

Light has apparently no elfeet on the lexidatioii by air of coconut oil. 




PORTLAND CEMENT TESTING. 


Py W. V. PtEiBLixo aii<[ L. A. Salixger. 

(From ihr Fhemiral Jmhoraforif, Binrau of Feiniec. P. /. i 


3XTRODUCTIOX. 

This paper is devoted to a discussion of inodeiii cement speeifieations 
and we have endeavored to point out many reasons why they do not 
exclude the personal error that is experienced by all testers working under 
them. Simple methods and precautions necessary to reduce this varia- 
tion have been suggested. Throughout the discussion, the effects of the 
requirements of cement specifications, the difference possible in manipula- 
tion and tlie consequent variations in the results obtained have ])een il- 
lustrated. Certain powerful climatic influences that tropical conditions 
may exert upon cement are also discussed, and the last chapter suggests 
the characteristics which a cement should have .to give tiie greatest 
efficiency under tropical influences. 

SPECIFICATIONS. 

The ‘■''value of standard speeifleations to the engineer, the consumer, 
and the country at large is as great as their value to the mamifaeturer. 
A standard specification, provided it is both equitable and safe, cheapens 
the product, insures quicker deliveries and acts as a powerful regulator 
to the industries affected. * The danger of a fixed standard of 

any Jdnd lies in. Us becoming uriiirogressU'e and following behind the 
demands of the time 

The last sentence should be especial!}' emphasized. All official cement 
testing in the Philippines at present is done under the United States 
Army Engineer Speeifieations of 1902'. Jso change has been made in 
these specifications in the last six years despite the great amount of work 
which has been done upon the physical and chemical properties of 
Portland cement in recent times, and, in the light of experience, it has 
been found that these specifications could certainly he improved. This 
unprogressive tendency is, perhaps, due to the inertia inherent in all 
committee work. ' ' Each individual member' has fixed ideas on certain 
questions, or on the results of certain personal experiences. ' As one writer 

'"'Editorial: Eng, |l0O4), 5L (Italics supplied.) ; ^ 

' " m 
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puts ii: '‘We a.re all (li>sj‘)()So(] to ari^'iu' soiiHUvIial on I ha basis nl 
jjrejudices or to roriitt' oilu^rs iKH^aiise of tlu^ prt^jiidit'as which \\s' assoriah* 
with them. Therefoiv it is dillitadi for us to arrive al ronchu- 

sious ]>iirtlv hy tlu^ of reason, and to doa! with t^vorv svllopisin 

from its premises lo its coiuliisions/” 

Howev(‘r, the Aineri<'an Soernhy of Civil Kni^’iiKMU's and the American 
Society J'or Tt'stino' iVla,i(a*ials arc* (amstantly workin,^■ lo ini[M'o\e iluar 
cement specatications and these spt't'ifK'ations will soon he adopled hy 
tlio (lovcrnmeiit of tlie Philippim* Islands for ail (UN'il and munieipa! 
work. Tliey have accomplislH'd inuCi lowards (‘slahlisliin,i.>’ a more prac- 
tical, impartial and coui})rCumslv(^ sysleni of t(‘sliny, VC “mawilh- 
standing that so nirudi has Ikhu) done towards iiniruadion of nan hods, il 
may never he possibh? lo detmanim* a('('urately llu' valm^ of (me emnent 
as compar(‘d with another i.esU‘d in a diHVr(‘nt lahoratoiw'k" “M\p('rimte<‘ 
since tin; rep(U't of the (a)nimilt(‘t‘ was madt^ has shown lhat (he dillamhies 
in the way of uniformity in such l(‘sts an* imudi g’l’iaittu* Hum was iheii 
imagined. The variation in the rt^sults of temsih* streugih helweini llu* 
work of different experiencxKl operators working hy the saam* method ajid 
upon the same materiararo fre(pi(mlly very large* and (d‘t«m male* al! Ilu* 
difference between rejeCed and a.c('(*pie(l ('(‘immi. UiUVretiees in teiisih* 
strength with neat cement of 40 to (>() ],)er <'ejit are nol. iim'fmmam, while 
for sand mortar iluw are nuK'h gixader."' 

At present all standard speeiticadions leave mueh lo he desired. A 
Ctovernmcnt coinmiitee a])poinl(al to invisst igait* ilu* ipiality of a eioiaiti 
brand of eenumd after much <'onsultalion with (mgima'rs, ehemisis, 
contractors and mamifiicdnrers, introdmaa] its tinal report with these 
nan arks : 

“Tliere iiro ao standard ,s|M\d(icati(ms wiiicli an* n‘gar<k*d as alwuhitely eornnd, 
All tests are approximatians and niusi be interpnaed hi m*e«»rdane«‘ with ibe 
speciileations in use, and with dm* n*j.urd to tin* purpose tor nhieh the eenu-itl 
will be used. 

“There is no practical ditVevenee between ilie ijualities and |iro|nnrH> m' a 
rejected and of an accepted eemeiit in tin* initm^diaU* vicinily of the hmim 0-1 by 
specifi(?ations.'“ ^ ’ 

It foJJows thill the wi^rinwr vim.y he in invicli liuiilil ns In ulunlmr tu 
reject or accept a ccnicnt. 

“It must be recuguizwl, liuwcvrv, that wmiin.it. Mpruiliciitidiis are ii.,it for iivorej<i- 
results, but arc intetulwl to cover, the lowest limit, wliicb wui bo allowwl in tlm 
, work and to prwide for lack of uniformity in testing as well us in vcul (|nitli1v'," ■ 

^ "Sabin, Ijouis Carlton; Cement and Concrete. New York ( llllili), :,{tt. 

«Spalding, Frederick C.: tjydraulic Cement. Kew York ( liHtt), ’] 15. 

‘Final report of cement investigation: committeo apiiointed bv KxMoifivi' 
prto No. 60,^1W7.— The (lovernmont of tho .FliiHppinft IhImkIh. 

Now York (111117), 


iayior ang. i nompSOp ! . Q 

;» • 1 'i-S'/M' , 1 

1 . m m J .1 ; . » ‘ 'i' W 1 . 1 


terete, l>hin and Reinforcied, 
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Such a, t'onclusioTi iiuiy sal israclory io the engineer, hui nhoiild tlie 
icists l)e clos(‘ io iJic rnai'giu specified for acccplaiK-c, tlie selling agent 
is sure io protest and onha* a reiest ot the inateihai. lie may alhnc the 
oihginal i<.'st(‘r to iHdi'st iln* ccaiuait, or lie may send the sain])les to one 
of ih{‘ many (-onimerca'al lahoratories n'hos(‘ rejmtation for high results in 
('cnunit i(‘siang is \vthl (‘stahlisluMl. Ida* ret(‘sting may ]>roduce saiisfac- 
iory ix'sults in either c-ase owing to tlie weakness of all cement specifica- 
tions. ^Plt is not to lay inferi’ed liowe\er that the highest results are neces- 
sarily the outeome of tli(‘ gi*eatest skill. As a rule the most expert 
and roliahle ojierators get only moderate strength for the best material.’ 

Snell a condition of cement testing is very deplorable. Unless speei- 
(ications guarantee an accuracy within 10 per cent, the greatest elliciency 
of a cement lahoraiory is also lost, as the mere nieelianical routine testing 
of various brands of cement should he tlie least important part of its 
work and satisfactorily to accoinidish the more important object, namely 
a, sy>sienuiiie study of the peculiar effeeis of climatic conditions upon 
iheng a variation factor of not more than 10 per cent is essential. 

Hahin states that ‘■'dhe chief object of testing cement is to arrange the 
various products in their tnie order of merit. Cement is at present used 
in a very crude way and ii is only in exceptional cases that poor (piality 
of niatei’ial may be detected in the comjdeted stnietnre. This is suf- 
ficicait reason why so few fai hires can he found in cement work which 
may he attributed to the poor ([luility of the cement. But in the more 
(‘conomieal manner in which the material is, even now,, being used, it 
is absolutely essential to know what its fufure behavior will be.''’ 

We believe that the inefficiency of all American specifications lies 
in the fact that they do not outline suHieieiitly in detail the minor con- 
siderations and. operations, and that io these minor details, owing to the 
peculiar and sensitive character of eement, is readily attributed a 
possil)!e variation in the j'esults of testing of dO to 10 per cent. There 
are emlain <|ualiiies in eenund muni])ulation, that can not lie cnutrolled, 
such as tlui size, shape and intermingling of crystals, nonlioinogeneous 
voids in sand ])]‘ic[uett(^s, uJUMpial action of the water upon the hardening 
of l)ri(pieifes, etc., but we ladievc; that by far the greater variation is 
cauised by the dilferent manner in which diUVrcni lahoratories interpret 
ihe minor details of mani])ulation and treatment; and we also believe 
that if speedfieations were more explicit in this respect it would ho safe 
io predict that different laboratories would agree within 10 per cent. 
This assumption is supported by the well-known fact that the system of 
the individual laboratory usually produces fairly uniform results, but 
a eomparisoii between dilferent laboratories wdneli difer only in those 
details not explicitly treated in the specifications, often shows the most 

hBpaldirig, Frederick ' G. : Hydraulic .CVmcnt.' Hew York (1004),' 100. 

hGement arid Concrete. '‘I^eW'York (1:906), 82, 
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startling inermsistmeics. ’’Po bn more W(‘' w ill r\ain{il(\ 

the tollowiiis’ tests made under the Army (Si)ecili<'!il.i(>ns Ihr Ihii't: 

Twd O))era1,oi's of fonsiiloralilo pxiioriciiw lo lost iiroord my (o 

thesp st'wilirations a slii|>nipia of Imnvls of (■oiiicMf iimlor disimli'. I■■irly 

S!i,m|)los. cin-li ri‘i)rcs('iit iiiy one Irirrol, \vcr(( taken al raniloai, Ic-sled, and llie 
figures tal)nlat<‘d as shown 1>.V the aeeoinpanyiny <liayranis ■nnnihers I ami ‘i and 

by Ta))I(* I. 

Table T. — ^^ho^nn(/ the rnriot from the mean of itOO hn'tiks of roeh of iht' 
four fir/.s* of hri<juel(rfi made bit the testers. 


_ , _ 






NcjU (200 eaeii). 

Mortar, I lo 3 (200 ! 
i encii). 

TttStBI*. 

i 

7-(Iay. 

2,S'<ln.y. 

7-day. 

2s-(lay, j 

A 1 

502. -1 

(501. « 

M3 

220.0 ; 

B 

5(56. S 

GIl.B 

1(11 

! 235. 3 ■ 



52-1. (1 

()21.(5 

153.5 

! 22.S. 0 1 

Difference-....—— 

32.2 

10. 8 

10.5 

7.1 

Per cent..-- 

.1, (5. 0 

t 3. 2 

(>. <s 

3. 2 






Tnorcase. from 7 to iitS duj/ tests. 



' 

Neat," 

Mortur, 1 io 3.'' • 


A. 

B. 

A. 

B. i 

1 

Pounds — 1 

00. -1 

71.-1 

' 77. 0 

71.3 

Per cent — 

10.8 

13.1 

51.3 

-13. 5 


»rncreaH« <lcHiro<l by K'pocillcations; 2b per (tan I, 
It Increase dcNired by speeilJcailous; 57 imb* cent . 


The fuieiiCHH {through lOOoneKh sieve) varhnl fi'oni 0-1.2 to 07.*1. 

The sped fie gravity dried at Utl'’ in all caseH, was Inflow ioui raogtni froir* 
3.02 to S.07. 


Space will, not permit of dlwmsHioii in deUiJI of IIk! molliinlH uwod !iy 
each tester, except to say tlnit A imed the aiilonmi.ii* l<!iiii|»or lii'scriliod 
below and applied tiie blows diflerentiy tlian did B, wlio used (lie ordinury 
tamper; A’b briquettes were placed in a wet closed,, B use-el ilm dninp 
cloth; A’a briquettes weere also always timlen- waie-r, keqii riiiiniriju; Ibr a 
few hours each, day; B siphoned the water from tin- pmw n,nel Ihcn 
refilled them, thus exposing the brieiucttcB to air for !ibe,Hii 10 niiiui(e-s 
each time. All these diffeirences were in aeerordance,! witli speed licatiemK, 
as tlie minor details of testing were mdeiinitej enougli te> alletw tliem. 


- One operator, A, always ol)taine<l lower .results em an avieragc than 
B, but B did not show the gain in stren^li betwejtm tlie 7 aiifl S 8 day 
tests that the cement was capable of. Byidcntly, B’s syatem gave tilntor- 

i 8 -da,y bre^s showed littlev increase. 
■■ th:#yyariati,Qii, luejtwtteii the» 
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Tlic diagram callB attention to tlie lack of nniformity in, the results 
attained, in each sample. Tlie di,tfer(mces in the tensile str'engtia are not 
only hetweon the two testers, ])ut also brought out Ijy tlu! same individual: 
those in the increase of strengili with age. th(‘ failure on the part of one 
tester to o])tain good breaks in many instances, and the great variation in 
the time of setting, are all apparent; yet both operators worked carefully 
and in strict accordance with tlie United States Army specifications. 
Tlie coiiimitteo in charge, after thoronghly investigating the methods of 
the two operators, reported as follows: 

‘‘The methods followed by eacli cement tester differ sliglitly in certain details, 
but the differences are not regarded by tlie committee as important or as in 
violation of tlie purport of the specilicatioiis ; and the results obtained in each 
laboratory are regarded as fair, eipiitable and reasonable to both manufacturer 
and user.-'” ® 

Even careful inspection of these cliarts wonlcl probably convince almost 
anyone that tlie tests, as they stand, are practically useless ; that one of 
these testeivS, or even both, were inefficient; or that the cement itself 
wuas of a most peculiar quality. However, as will )3e shown, the whole 
inconsistency was due to a cause the elimination of which the specifica- 
tions do not even mention. It -a.jipcars that the work of the testers for 
time of setting, 28-day neat and sand strength, and specific gravity 
cleterminafions, was accairate and true to tlie quality of the cement at 
the time it was tested. The cause of the great variability so evident in 
diagrams numbers 1 and was due to the fact that each tester worked 
the cement after it had undergone various degrees of exposure to aeration, 
and that the influence of this factor produced very marked changes in 
the quality of the cement. 

THE EFFECTS OF AERATION. 

Most of; the cement specifications now in use devote considerahle space 
to tlie manner in which the samples should be taken, but they all neglect 
to state how these samples shall he stored and preserved until tested. As 
a result, they may be sent to the hilioratory in wooden, or paper boxes, 
paper or cloth liags, tin cans, galvaiii;^ed-iron cans, glass jars, etc. The 
cloth and pa])er may he thin or thick, and the cans, Jars and boxes may 
have tightly or loosely fitting (nvers, or even no covers at all. These 
samples may be tested as soon as they are received at tlie laboratory or, 
owing to the amount of routine work already on hand, they may stand 
for some days before being Avoxhed. As a revSult of all these conditions 
the cement may have been subjected to unequal aeration and its charac- 
teristics changed accordingly; this change has- often been sufficient to 
alter the resulting tests from satisfactory to unsatisfactory. 

' ** Finab report of' cement' inwBtigation committee appointed by Executive Order 
Ho. 60, 1007. — ^The Government of the Philippine Islands. 
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ltWI!!IJi\(! AND SAlANOBIi. 


The ]itera,tiir(^ on suhj(‘c*i of (*(‘nioi)|, ik lillod willi inloi'nnil ion on iho oiliM'is 
of aeration/’ (/(ninnits in linn* or iJioso wliioli are “imsotnur <luo lo llio 

j)r(‘S(‘nco of froo {inn*, an* inipi’ovtnl hy ('Xjtosiin* to <ln* air, Ind oonionfs In^h in 
ahnnina, osjuanally if liolii.ly bnnnMl, a.rt* ai)t (o bcoonn* (juii'k st‘lliny am! 
ol,li(‘r\vis{* dan_i 4 '(*rons under (In^ same ir(‘alnienl. 'This is (*s|)('('iall 1 rue in llio 
tropins a.s “aJnininous (sniumts a.re n'adily subjeei to alteratioti in .snrroiindinps 
('xposed to altei'iiaU^ drym‘ss and liiinddiiv' and also when exposed lo a liij<‘h 
t(nnp{*ra.tured’ 

C’enuniis an* (nn-onidenni, the lliunn'ss :unl soiindnt'ss of whieli may be \'ery 
satii^faetory throu,iL>'hont, bni. tin* speeilie t^'ravily, linn* of st‘tliny: and l<*n;'dilo 
strength (the I to I) mortar (*spt‘eially ) may vary from one i'\tr(*me lo tin* 
other. None of the pats nniy warp or disint(*”rale, (*V(*n durino .stixun and air 
exposures, so that perfia*t soundness may In* a eharaa*l<’risl it* of sm'b tnaleidai. 
In fact, it is possibh* for a pa.i l.o r(‘!miin ad^ a. I'od ln*a.l bn* s<*veral hours beloro 
it disintegrates in any nntrke<l d(*(*r(‘(*. Cement of this class, aei'orijing lo eln*mieaf 
analysis made from time to tiim*, proved itself t,o ha.v<* a. unifomn eomposilion in 
all res])eets exec'pt tin* loss on ignition, whi(di variml from 1 to (1 [m‘ 1 ‘ et'nf. Tin* 
silica content was uniformly low and tin* alumina, and iron higli. It is hardly 
m‘eessary to add that. ev(*ry known pr(*eaiition was ta,ken to s(*eure tmifoini 
results. 

Experionee in tliis lai)orai<HT lias <l(‘iiionsii‘aJ4al IJini in nicsl iiislaiiecs 
variations siu-li as tlioso nKaitionml ar(* (nu'outilm’ml in (HMiionI saiiiplos 
vvliic.li liave boon roeeivod in ihiii |)aiior ba.i»‘s. or wliitdi luul olii(‘rwiso 
beon exposed to the air; and that ('oiiunit reitdvod for iosliiiy; in olosoly 
covered cans and boxes and nol; siil)si‘(|nenlly (‘xjmiscmI lo I la* air, nsnally 
gave very aoeeptahle, uniFormly good n‘sul,ls. Tliesi‘ eoiirhisions ar«‘ 
oiiiphasized hy th(‘ following tables: 

TAimn W- (^hai'ftcivrlslir o/ /ex/w o/ vniirnf sfan'il in enicv,” 



Morlni 

, 1 to ;i 

Sani]do No, 

7»(lay. 

•iHshty. 



210 

2Ktl 

Dre4 

210 


n5ar.:..„. 

i 2R) 

im 

nr^s 

VM 

IKK) 

n.vio 

210 

.r.| 


Snnrph* No, 

j Merlar 

, 1 toll 


7 djiy, 

/sdii). 

lUnii 

, i 

HOT ' 

HI>M„ 

1 '/as 

2111 1 , 

lilOft. 

1 /(ir» j 

/// ‘ 

Binn. 

i 21 / 

/iln ; 

Hitn 

, aia 

2 HM i 


^M.eade: Okenn, h)n(j, (1907), 5, 041; Taylor and 1’hompHou; (tmerete, lOaiii 

%n(l Eeinforc.wl, Xew York (D)07), tW; aimldinft FnMk^rifk (k: H.y<lnmlir (VtiH'tif., 
i7ew, Yoirk;-(1U04), 4, 50, 80; (Aindlot, M.: C'pnioiit. (‘t CHiaux nvdnuiluiiii'n, I’liris. 
1891., , 

'%Spaldmg, Frederick' a : .li'ydmilic evnusnt. 'New York (1904), 81, 

*' Tke aetting time in all, of these eeinenta w,n« aivtiafaet.ory and uniform. 
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Taiu K IJL — ]'(( I'ia I iouf^ h}i the suiinc hnt}ul of criHOil ree(^U'(><l in paper hatfff. 

[jrortiir, 1 to r 


Sn 111 i)U‘ 

ms 

lest. 

Sample 

Average. 

Sample 

Lowest. 

No. 

7-(liiy. 

1 

2S-<lay. i 

i 

No. 

7-<liiy. 

28-<lay. 

No. 

! 

i 

7-<lay, 

28-(lny. 

DM 

187 

i 

2G9 j 

C5-1 

JG8 

260 

1 B9-1 

126 

19-1 

1)1-2 

179 

259 j 

C5-2 

141 

214 

' B9-2 

IGG 

240 

Dl-B 

191 

259 1 

05-3 

141 

210 

1 B9-3 

110 

181 

m-1 

180 

228 

05-4 

139 

232 

1 B9-4 

143 

171 

1)1-0 

109 

234 

C5-5 

144 

202 

1 B9-5 

lOG 

125 

JJi-r 

17G 1 

245 

(’5-G 

195 

257 

; B9-G 

138 

193 

1)1-7 1 

IGS 

221 1 

05-7 

ISO 

1 288 

B9-7 

135 

180 1 

ni-s 

1S4 

257 j 

05-8 

145 

224 

j B9-8 

175 

1 178 1 

DM) ! 

174 ! 

234 

05-9 

1G8 

204 i 

' B9-9 

103 

1 rsi 1 

DMO 

182 

234 ! 

05-10 

145 

210 li B9-10 

!i 

148 

185 


Tahlk IY . — Time of ftelUng. 


Sample No. 

Initial 

set. 

Final 

set. 

Sample No. 

Initial 

set. 

Final 

set. 

B9-1 

h. ill. 

1 00, 

1 30 

50 

h. m. 

2 00 

B9.fi 

h. 711. 

23 

II. 711. 

2 30 

B9-2 

2 30 

B9-7 

50 

1 35 

T-W-S 

2 10 

R9.S 

Ra-4 

48 

1 35 

1 33 1 

B9.9 1 

48 

1 1 27 

BO-fi 


B9-10 

31 

1 38 

1 


L.. 



''Phe al)ove results led ns to investigate more specifically the effoc-t of 
air (»xp()sure on this cLw of ('cinent. In Table V the depreciating eHVct 
upon tile mortar of freely exposing a small amount of cement (about 
4(.)0 grams) to the air in open jars for ten days is clearly shown. All 
mortar mixturOvS made from cement fresh from the sample pmdeage, 
dried or nndried, and exposed to the air not longer than eighteen hours, 
did not std before the molding was eomplete<l and passed in tensile 
strength. All mortar mixtures made from cement exjiosed to the air 
for ten days, set before the molding was completed and therefore failed 
in t(Misile strength. 
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UKnU.[N(i AN'II SAhlN(il01{. 


Taiili! \'. — Tcul irilh drieil iiml iinilriid n-ninil liikrit from jMi/iri' boos. 
I M<]ftar, i t(i o. Tompomtiii'f of mom (Iiiririf,' iiioliihiK luiil .scll.iii/;, '.w lo :i« ’ i :. | 


Sanipk' 


No. 

(Condition, 

(same 

brand ) , 



F;k9 

Dries! and (‘xjKwtsl to air 10 days. „ 


Dried and exposed to air 10 days — 

F3-9 

Dried and taken fresii froni sainpl(‘ 


packa^^e. 

Dried and exposed to air lo days„_.„ 

F4-4 

Tliidried, fresh fnnn sample pa(d<a,!te . 

F4-4 

Fresh from sample healed at 100'' 

F4-4 

0., exposed 1 day. 

Fresh from paekag:e imdried 

F4-S 

' Dried and exposed to air 10 da,ys 

F4-a 

Dried and exposed to air 10 days 

F4-9 

1 . „ 

P4-10 

nlndried, Iresh troin .sample paekap'e 


I'lanHls 


('ondilion of nuudar 

I A/O’. 

per 

Wntrr 

wlien nnddefi. 

scpiaro 

tjs<-d. 

.Sta in 10 minutes,, , 

1 

1 

int’h. 

I't r r, ul, 

12... 

S(d. in l‘i mimit(‘s, , ,,, 

'i' 

‘bS 

1 ! 

Not set in 20 minntes 

' ! 

isd ’ 

1 1 

Set in 12 minuh'.s . , , ' 

7 i 

70 : 

]'\ ;» 

Not s(d. In 20 mimdes ' 

7 ! 

ISO . 

12, -» 

Not s<‘t in 20 minntes | 

(5 , 

1 07 

12. a 

Not s(‘t in 20 minntes ,i 

T - 

|M ; 

12,:. 

.S(‘t in 10 minutes. , , : 

7 ; 

92 


Set in 12 mimiles .. i 

7 ; 

101 i 

1 1 

Not set in 20 minntes j 

' ,1 

1 1(50 ' 

[ r;s 

12.0 


! 


M(5 lowest I.SH 


Ponienta^fc of watctr ovaporatwl from F4-'l in dryinwr vvnsO.iKI. 

In all cases not sp(‘cilie<l the, liip^hest of four ^‘ooil breiiks is nssn’dod. 

These results fleinonstraie tliai lu'jitin<j^ <li(l iuii eaust^ <jni(‘k 
and Icny tensile sircaigtii, hut (‘xposure to air iu open Jais for leu days did. 
Table Va illustrates the same a<d'ion : 


'rAlILK \'<l. 


[2H (inyH; mortar, I to 15.] 


Sample No. 

Water. 


/Vv d. 

XI 

m 


m 


121 



■ 121 


Htortal. 

After hi 

After ;i(i 

After TtO i 

days* 

days, 

days i 

Covered can 

!ur» 

no2 i 

( 

29n , 

tfncdivertal eiin 

217 

205 

l,5H ’ 

Covered can „ 

S5tH) 


;!ti2 1 

Uncoy<‘rc<l mn , 

245 i 

19M 

147 


II (lover removed fna« canon thlrtlcih day, 
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The waiiij)les incliuled in tlic next table were received at the laboratory 
in ])aper sacks on tlic ^Tth o1; tlie month. The next morning tlie two 
sadvs conipiasing each Sample wei’e screened and well mixed. One hall: 
ol; each sample was then jait into a tiglitly coyered, galvanized-iron can, 
and the other half ])ut l)ack into the original ])ag. The time of setting 
was taken after seven, eleven^ and twenty-four days -witli the results 
given in Table YL 

Table YL — Comparison of resulis of samples in paper haps and in closed cans,^ 


Workwl after 7 days. | 


ganged. 

Sample 

No, 

Stored 
in — 

Water. 

Initial 

set. 

Condition of 
paste. 

Ganging. 

Setting. 

A. M. 



Per d. 

iL 

?//. 


°0. 


8.10 

1 

Can-__ 

21 

1 

10 

Plastic 

27 

27 -29.5 

8.20 

2 

Bag — 

21 


00 

do 

27 

27 -29.5 

8.80 

3 

Can___ 

21 

1 

22 

do 

27 

27 -29.5 

8.40 

4 

Bag — 

21 


35 

do 

27. 5 

27. 5-29. 5 

8.50 

5 

Can,— 

21 


60 

do 

27.5 

27. 5-29. 5 

9.00 

0 

Bag— 

21 


12 

do 

27. 5 

27. 5-29. 5 

9.10 

7 

Can — 

. 21 

1 

10 

do 

27. 5 

27.5-29.5 

9.20 

8 

Bag — 

21 


20 

do 

28 

28 -29.5 

9.80 

9 

Can— 

21 


55 

do 

28 

28 -29.5 

9.40 

10 

Bag— 

21 


13 

do 

28 

28 -29.5 



Sample 

No, 8, worked after 11 day.s. 



8.25 

8 

Can- 

21 

1 

10 

Plastic 

27.5 

27. 5-30 

8.85 

8 

Bag — 

21 


17 

do 

27. 5 

27. 5-30 

8.45 

8 

Can 

22 

1 

25 

do 

, 27. 5 

27. 5-30 

9.00 

8 

Bag.__ 

22 


20 

do 

27.5 

27. 5-30 

9.10 

8 

Can__„ 

24 

1 

30 

proo plastic to( 

27,5 

27. 5-30 

9.20 


Bag.__ 

24 


38 

J hold its shape. \ 

: 27. 5 '' 

27. 5-30 



Worked after 

24 <lays. 



8.30 

2 

Bag — 




21 

Very plastic 

28 

28 -30 

8.40 

8 

Can..., 

22 

2 

30 

do 

28 

28 -30 

8.55 

3 

Bag.,, 

22 


20 

,,do 

28 

28 -30 

9.05 

4 

Bag — 

22 

1 

30 

do 

28 

28 -30 

9.15 

4 

Can.™ 

22 

2 

30 

do 

28 

28 -30 

1 9.25 

8 

Ciin.™ 

22 

1 

30 

do 

28 

28 -30 

1 9,35 , 

j 

8 

Bag— 

22 


23 

do 

28 

28 -3J 


All patH were made by the same operator by the Gillmore needle method described below. 
Before weighing, the original samples were thoroughly mixed. 
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14 () 

( 'iKiiiicfil jiniilysis of nimihcr S siimpicd dh llic I'dA ciil li il;i\ : 

'i'AftiJO \’{l. — An<(/f(sis an {'Irm/lh (hfii. 


{'(mslihimit. 

' 1 

' r'ndo ! 

: bn;:. 

rnu. 


Pi )' n lit. 

t'l r .V 7/ 

Silica , 

I'A.SO 

::ti. ',’1 

Alumina.. 

; 

s, ;.i) 

Iron oxide 

; 

r. UM 

C»il(dnm oxide - „ , 

(M. 1 ! 

'i:i. :::* 

Majuftuvsimn oxidi* , , „ 

' ' 

!.i 

Moisture (IKF).. 

1 a::!! ' 

1). ! ! 

hoHS on i.auition ... . | 

M ‘ 

or 

Sulplmrio mdd (SO-p , 

! (i.'i:: 

(1. l:' 


'rAinJ'3 \’I11. — Mdisliira, /o.v.v on ii/niHon umi ('itriaanif oi'id. 


Hiuiipl<‘ No, ,S. 


! on twciUy fuurlh 

I (ijiv (Mnin'iit rrtuti ■ . , , 

i ‘ ' fnm-r 

I ' ■ t'ucr. 

! Htan ! 


Mr)istiirt‘ at I UP 

LnsMotiijJi'nitKnnirU'rdryinj^, 

(!nr]K>ni(i a<ri<1 (oOo) 

Combined water 

1 


Per t'nit. ' 

Pt r n ti(, ' 

i‘t r lu III. 

tK JI i 

a. It) 


c.au 1 



1. It i 

i.nt 

a. ,in 

1. It) i 

'J.'JS 1 

a. TO 


Tli(‘ rapidity with whi(‘li, this aldsnrption cT ('arlnui tllnxido aiul wainr 
jiuij take place (the local (dininiit^ (‘ondiiiiais hein|4' those of (lie {au'l) dry 
s(^ason) is sliowi) in dkible IX. 

Two (Hiremit !)r{UidH were inv<*rtligu.ltMl, ninl in eaeh enne dC ol' eenient 

W(‘ro taken from (‘acli of the .siunples xjieeilifMl, ainl jail, into }00 eiihie eeolimfdm 
beakers. TlwHe. wno’e aeeuraitdy wei« 4 'htM! mid the free moisUire then lhoruo.xhl> 
driven o(1‘ by four InmrH’ hcnitin^- »t. I.ao" <l d'he, beakers were then allowed fit 
stand in th(» halanee room, open to the nii\ Imj ta‘<'a(‘eh*t| from dma by paper 
eoverings. The p;{un in weigiit wan notml at the intervals of time de-oj/jmi ed, 
At the end of twenty-eight and one-half days, the. moiwhire was again drivi'ii oil’ 
by contimual In.'atiTjg at IJtW (t and the anioimi of water ai»s<»rbt*d hiddraefed 
from the total almorpiion. hlie samph^M were again reheated after Ibirty tivi* 
days' additional (.exposure. The results obtained in detail are as folhnvHi 



Table IX. — (limujcH in neiyJit on exposure 1o air. 
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'.( 5 'aiuui.Soq oqi 
uioajs'A'np fSi) ioj ojuisiout 
map joipo uon(Iaosqit']i!|i»j, 


■>uu|s'K»ui sA'iq) eg .inLl'U 
‘0 h'uiBMif IH) ;SY /1 


•.Hur)uai[ puoAOs .iO!)ju i 
‘sAiq) eg .loj B[,i^iOA\ iii uivf) ; 


j ■oiips’ioHi 

I iiiup uopdjosqi? itqox I 


' •oiipsiom 

-Y) oOST uo 


-ft O 'X J-. 
c-l TT' -T X 

■71 71 71 71 


o o 

7 5 


- X CO 72 

I ^ = 

I Ci,* d 


iH O O O O 

S CO 77 CO CO 

d d o d d 

72 CC 3-4 Oi cr- 

d d d d d 


ID i:S d <5 <S 


d d d 


o o o o o 


ftl d d d d d d d d 


dddddddd 


(ij d d d 

” 7 ^ O os 71 

eo 71 CO 
d d d 


CO iH 71 71 

d d d d 

M 02 C^’ 71 

d d d d 


Tr' l-* iC «5 
t—l tH r-i 

O O O 

t’ S S 

V d d d 


0 0 0^0 o 

i» i'- t'- t- 

»H T-^ 1— 1 rM i-H 

d d d d d 


d d d d d d 


o d o 
odd 


o o o o o 


'Ainjwtoui '0 o08E 
-'}U 0 {|; no paAurjoj iwipu SKoq 


r-< r-l O O 

d d d d 


odd 

-r -r i- 

i-* « i'. 

odd 


31 S 
d d d d 


o o o o o 


•Oi^ pwug 


> 7 < CO lO 

«o d JO 

pi 4 Jam 


I II 1 

jil pCj 



Taiu.f. X. "- .l//rr (Wpo^^urc. fur siv( jj-ft rr and uiir d/alf d(fi/.s\ 


Sjimph' No. 


I rr.-i 

! L'j().s 

Q^iic raf>idity wiili whii^h this a('ii(ui wil! t!f‘])(‘n(is n|Hiii 

coiidiiious, iij)<.>ii (he iiaiiii'c <>!' IIk* ('chhiH iinpll junl iipiui l}i(‘ 
ratio l)otwoon tlio volunu! of ilu* (^(‘iiKMit aaid Iho siirhu'o (‘Xposod. I iio 
action may take p]a(-(‘ vtay rapidly <ai the (‘xposed siiidaris, and yol 
peueti’ate into the mass very slowly. 

A \voll-niix(id ceinont was ston'd in a. un<‘oV(‘r<‘d ciUi for ono nioidli. ronnnif 
taken not lower than half an ineh from tin^ upper ,snrfaei‘ sei in twinity luinutos* 
while cement taken d iue.hes below this surfaec' did no{ se(. tuilil i\v<» liours. it 
is therefore absolutely essetitia,! in or<Un,‘ to Heeurt* uniform rt'sulis troin Uie sauu* 
sample thoroughly to mix the e<>nient Ixd’ore wndighing; oilierwise n wid<‘ dis 
crepaney betwoim the specific gravity, time of sedting. and iimsile. sfiamgfh ma>’ 
result which could not otlnnavise he ac^eounted for. 

The above data are consideretl, snllicient to ihustrah,* (lu‘ (‘irccts of 
aeration^, altlioiioii in this laboratory \v(‘ hav<‘ many more <'\|M‘rinmn{s 
proving tlie same facTs. Ft may^ \v<Fll io slaft^ IhaJ tnamnds have Inam 
encountered which do not change io any appreedahh* exieid alTn* exposure 
for several weeks. 

It lias been shown (Ta.hl<‘ VI, can M; ehnxm and Iwcaily four ilays) 
that cement, oilierwise siis('(‘}dible Ici a marked ehange by t‘\posnre 
io air, when preserv(‘d in dosely eovm’ed, gHlvau!;<«Mldron eajis will be 
Jittle aifeeted liy storage; and that thin pa(HU’ bags do not elinninile the 
atinosplieric ini;luenc(‘S. II. has also .Ihhui shown (hal. ihe eharaelmuslies 
of a cement often luidorgo a ehange upon ex|iosun' whiidi may be snllleien! 
to make failures of otlun'wise' aee{‘pial)le lests. dlnu'eforih it is evident 
that no system of eemeut testing, liow(»ver a^'imrahh will insure uniform 
or even comparative results until a pr<)pei% speeitied lu'cservulion of (lie 
samples after they are taken, from stock is made* e(miptilHory, 

As a result of the (amsiderntions given abov(n it would bovin iU‘eehsnr\ 
BO to modify ihe ordinary })roeetlure that the ipundily of llu* eenmiit 
deemed necessary for tlie desired tesls should he freedy eK:pos(‘d to t}u‘ 
atmosphere of tlie laboratory for seven days in a laytu* 1 iiudi deep, in 
order to determine the effects of aeration. A comparison of the H|H‘eitic 
gravity^ setting time, and loss on ignition of the cHnnenl ladnri* and iiftiu* 
f:^posare> mil give valuable indications as to itij nature, T 1 k‘ <kdfuiiiinin 
tions made before exposure will be eomi^Wt with the quality cd' ihc‘ 
ceinont at the ‘time the Acic W samphed^ and the second Irealmeid will 
show "tlie qnaMi^ liaWo to ho dfevciloped by Mbsequmi storage. If the 


riuin'tiiif 

i IKIlllKlIl, , i 


Pi r <‘i tit. \ I'rr <'> iil. j 
mu I !<i i 


I 


. !■! 
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eirect of (,‘X[)osiiro is eonsidt^nihlej troiil)l(‘soino variability of the brand 
may be rea,dily attributed to this eauso and tbe manufacturer will then 
know iioAV to imj)rove iiis j)rodnct a(xa:)rdini»'l3v 

(dum^a’es caus(‘d by i,lie atmosphere ]>eneirate vany slowly into the niass 
of tlu‘ ctMiuMii, in bariads, becaiuse the woodtni staves and lieads keep the 
air froin the product to a (*o!isiderabl(^ ext(‘ni and llie mass of iiiaterial 
is large, theiadorcv alterations which may develo]) very rapidly in a small 
samj)le exposial in the laboratory would not take place in the barrel 
until a. miuli longiu* period of time had elapsed. Hpalding^“ states that 
"'ddie effect n[)on cement of retaining' it a long time hefort? using depends 
upon the nature of the eemeut and the nietliod of keeping it. When 
the cement is inclosed so as to prevent the access of air, as in baiu’els, it 
may usually be preserved for a considerable time witljoiit experiencing 
any alteration, ])rovided it is kept dry.'’ 

ddie fact that eejnemts stored in good barrels undergo very little 
change by a month’s- seasoning is illustrated ])y tlie original and tlie 
re-tost of the following cement, the results of wliieli aiT recorded in 
Table XI. The samples for the re-test were taken a month after the 
original ones. All the samples wuu*e pi'otected from aeration before 
testing, and the re-iest gave only slightly lower results, although sub- 
sequent experiments showed that the ceiiient rapidly deteriorated in 
time of setting and tensile strength wlieii su]>jected to air exposure. 


Table Xl^ — Oriyinal and rc-iest {one month later) of ccmenl stored in harrcls. 

ORIGINAL TEST. 







i 

Teii.sile strength, neat. j 

Tensile strength, 
1:3 mortar. 

Siimi>lc No. 

Fine- 

Sp. gr. 

Initial 

Final 

set. 






ness. 

set. 

1 day. 

7 days. 

28 days. 

7 clays. 

28 days. 







K m. 

h. w. 




240 

286 

1 

95. S 

3.07 

2 10 

5 00 

392 

510 

(UO 


9(1 5 

3.07 

2 15 

6 10 

351 

503 

006 

200 

278 


9{).2 

3. 08 

2 10 

5 00 

354 

632 

6H7 

221 

300 

a 

95. 0 

3. 08 

2 10 

.5 00 

351 

56.8 

(OO 

232 

296 

r> 

97. 0 

3. 08 

2 00 

6 00 

312 

642 

053 

222 

300 

AYCTage ~ 

9(5.3 

I 3. 08 

2 9 

5 2 

362 

542 

m 

223 

292 




RE-TEST ONi2 MONTH LATBE. 




1 

94.6 

3.08 

2 25 

4 20 

322 

670 

594 

210 

283 

2 

94.0 

3.08 

2 20 

4 lf> 

349 

660 

621 

195 

,278 

H ^ 

96.0 

3.08 

2 20 

4 40 

312 

531 

583 

200 

300 

- 

94.7 

3.08 

2 10 

4 36 

326 

559 

(512 

199 

281 

Average - 

94.6 

3.08 

2 19 

4 28 

327 

■ 556 

602 

201 

j / 285 


a The souaaniess of all samples was satisfactory. 


7,1978- 4 , , : , '/ 
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lUCIIUiIN(i AND SAfANOSiJK. 


Many ongineors maintain with gond judgnumi, l.liai a rmntMii should 
not develop daaigeroiis proporticis on (‘xposur(‘ lo llu‘ aii' and il il duos 
so it nioriis rejoetion, oKpeeially if tlu^ niuwposiul saniplos show iiuagadar 
ity, since it is oidy praetieahle to l(^st one harrel oid ol <‘\oi‘v (ni or 
twenty in stock. It ivS also inn' thal. haa’inls o 1 ({M! Ihumhuo hrokon in 
shipment^ and should tlu^ (Huinud, wind) is so r(M'<‘ived dovdop dangerous 
propertiOvS, the sirength of a, wliolt‘ stnudana^ ndghl. b(‘ wt'akefu'd hy ils 
rise. 

PoTtions of ilie origi]i;il samplers of tlu^ taMiient the lesis <d whieli an' 
recorded by diagrams lumdKU's 1 and wm'o presiuoi'd and (he (esls 
after aeration in paper l)ags are shown in ''ra,hh‘ XI I. All ol tliesf* iesis 
w^ere inanipuhttod in ilie sanu^ lahoraiory; and (bey show (ha( lids 
cement is more or less readily suhjcu't to llu* influema! ol. aiu’ation. 

Table Xll. — Test of vcmvnt nhown indiaiintnin mimli<‘r,s / Had ig niTitfiou hi 

paper hapN. 


Sample No. 


X 2 ..- 


Initial set, in minute.'^, al’tor 
.storaj^o in piijn'r bags for 
the times given. 


1 day.' 


220 

130 

120 


IM (UiyM.« 

25} WC0k.sd' 

tinK. 

in da>x 

MO 

db 



‘‘f/. 

27 «5}0 


no 

Db 

27-:}0 

5i(«5 ! 

H5 

30 

27-^30 

3.02 j 
1 


I 


iiniigi' (jf 
tempera' 
tUlHOllU'- 
ing H<a 


Speeitie gotv ily ai’Irr ' 

i 

. I 

Siornpe hi btpw. ( : 

f to rod f 

i Itoai, 23 * 

I woekM’ , 

'jeX}»ohUf4',| 


<*21 per cent water. 


‘*22 |H‘r cent wnbo'. 


Hue j 

51 on I 
n.02 i 


li 1 } 


n.M I 


TIED BIBFOBA’L OF OAK FI) OnMnN'lV 

It is ugually specified tiuit cement shall ho sciwned thrnii^di n Jjit-nicsli 
sieve and tboionghly nnxed bd'oiT Icsluig 'I'lii ohjdl nl (In hiumg 
IS to Break up lumps and lemove wood 8i)linf( is, slmicM and <i(ln i Imt igu 
substflinoos Such a pioceduic is of {(huho proiui IIowcui, iimh i 
ceirtam conditions, the disposal of lakc'd (cmcni whoii il i« ptMuil in 
considerable quantity should he more I ally dchinhcd 
Cement literature has repeatedly poiiittd out that the Ictwilc sticuKfli 
Cf a baked octnent is conKidemhly below that of tlm migimil tiinfiiiti! 
|e|o» if tomed Inwpg. Tins is duo to the alisorption of inoMtiuo and 
the subsequent |)8irtial setting The difference that may rewnlt fiom 
•such a change is i|ln|tfaW in Table XTtl, whicdi gives the tensile strwigi h 
,, developed by two samples ol Old nsidWiti. nne Iron fnoiu lumps nm! 
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Table XI 11 A" 


Ooiulition. 

Alixtiire. 

7-day. 

as-day. 

?> IlUtlltllS. 

1 year. 

2 years. 

8 years. 

All ]iniip.s.„ 

Nc'Jit 

117 

589 

(590 

705 

789 

719 

No lunips„ 


t)S(; 

75(i 

798 1 

858 

857 

805 

All 

Alnrhir 

llU 

211 

S2«> 1 


872 

873 

No lumps. _.! 


m 

mo 

S80 i 

•180 

■149 

450 


TIkj disposal oC iirnij)S tluai, eapeeially those vvhic'Ii are too luu'd 
to 1)0 l)roken up in tlic process oC sievini>', may exert considorabhi ip- 
tluonee in the tiaisile strength ol}tained. If one tester pulverizers the 
liard liiin])s and mixes this powder with the original sajtiple, and the 
other siTn])ly throws them away, unitorni results can not he expected. 

Should tlio cake he present in suflieient yiiantity to affect the tensile 
strength appreciably^, tlie person requesting the tests should he notified 
of this condition. The 2 }resence of the cake may not be due to any 
fault or carelessness on the manufacturer 's part. Improper storage 
while in the liands of the engineer or contractor may have caused it. 
Instances are also on record in this lahoratoiy where caking was induced 
in the samples after they were taken from the stock. The samples were 
taken during a rain storm and throngh carelessness and in competency 
on the part of the one handling thenp they were allowed to get wet. 

If specifications are to guarantee uniform and just results in all 
cases^ the treatment of caked cement must be more fully described than 
it has lieretofore. 

IXrnUEXCE or TEM1»ERAT0RE on time of SETTIiNO. 

Tlio genera,] rule for all cements is that increase of teinperature in- 
creases the rate of setting. However, there is no fixed ratio between 
the temperature increase and the accelerated setting produced by it* 
The published reports of skilled operators vary in this respect, and L. 
''.retinaier,^*^ after years of the most careful work was forced to admit 
that ^klifterent cements are dilferently influenced by alteration of tem- 
perature * and it is scarcely possible to deduce a general law 

for even one chuss of cements.^^ 

Tha results w^e have obtained on the setting time of various cements, 
worked in the cold-storage room, and at local temperature, have shown 
that the samples, in this respect, could be divided into three classes : 

1. Slow setting cements, little affected by a variation of temperature 

from^0:nb30^ 0, ; 

Orieseuaner, Wfig, 2^ 68* , ^ , 

' ’ Indmtrg ifee.' ' V! 
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2. Ceirioiits \A"]iic'Ii tire f^Ioav Fcttiiig 30^ (-. hut (jiii(/k nl i ■ 

3. Cenientfi wliich a;re <(iri(^k 20'’' (2 arid also ai 30" 

As these results wore obtairuMl while we vrer(‘ (aidc^avoriiiii; io deitoiHiie 
the variation whieh this (dinia((‘ inii’dit (-aose in j(‘s{s wliioh aeiMU'dini 
to Amorieae standard speeilii-aiions are at. a.houl, 20" (3, W(‘ W'ill [Mihlisl 
them in full in Tables Xl \\, X\\ X\'h aial X V 11. 

In all tlio following <l(^iornunations On* ('cnu'iO wns si^'vod jukI Om'Ii 
tliorong'lOy mixed. To elnniiuiU*; a.ny en(‘i*.i ot nmujiial n 1 niospln'i’ic (‘Xpoasn 
each samjde of 500 grains was into a. dry, eleiui huOIe ami iigbd> i'ork<‘< 
until use<l. In ganging, the; water was all<>\v(*d to soiik in lor on«* niinuO*. am 
then tlie paste was vigorously troweled for Omr addiOoiial ndauO's. 

Table XlVh — Class Mo. J, slott-svlthuj ocvivuls, /llllr afjt'oli'd 6y r(t no t kois 

U'mpi'mhn'e. 


d 

o 

Temperature when made. 

1 1 

o 

m 

Cement. 

Water. 

Room. 


°a 

<^a 


1 

19 

19 

19 

2 

19 

19 

19 

8 

19 

19 

19, 5 

'4 

19 

19 

19. f) 

5 

32 

82 

81 

8 

28 

28 

28. 5 

7 

28 

28 

28. 5 

8 

28.5 

28. 5 

28. f) 

9 

29 

29 

80 


room rtur- Watt'r. 
ing set- 


Initial Final 
scit. set. 


enjothion ♦»!' 
pusit'. 


slight fy pluHlfe. 

I’laHth;. 

Oo. 

V(»r.Y plnMtf(% 
eiahtic. 

Do. 

do. 

Very piantfe. 

1)0. 


Table XV . — Glass Mo. 2, slow-sctting commits al 20®, ifHwk-Hcftinti a I (* 


Cgment. 

,Wat6r. 

®a 

' 


$1 

. , 81 

3.t, 

28 

' 28 

28 

' 2S 


' 28, & 

; 

19 5 

^ W 1 

: 

; i : 

1 






Tewpt^ra- 
ture of 
room dur- 

ir\g !HOt- 
ting. 

Water. 

Initial 

Hot, 

Idnal 

«et. 

’ 

ni?r 

h* m. 

h, m. 

81 '-83 

21 , 

C) 

C) 

3 i '-83 ■ 

! ; 22 ■ 

■m 

' 2 80 

28 6-30 

: 23 m 


2 60 

28 M) 

22.00 

21 

8 00 

29 -30 

1 28,00 

m 

1 S 30 

19 6 - 20.6 

21 06 

2 m 

i 1 40 

19 6 - 20.8 

22 66 

8 80 

I 4 40 

19 6 - 20 ' 6 

' 28.00 

,j...!U.Wswwm *».* 

8 60 

; § 00 



i4 Pfti 

effect of'taifiMto ia roaiii Md Ksttitii 


*' ‘A'l a. I v'n J| I 
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Tabt.e XV J. 


Hot- 

tU‘ 

Pa,t 

Temperature when made. 

Tianpcra- 
ture of 
room diir- 

Water, 

Initial 

set. 

Final 

.set. 

Condition 
o,f pa.ste. 

No. 


('ement. 

Wat(‘r. 

Uoom. 

in.e: .set- 
ting. 




°a 



0(i^ 

Pev cent. 

h.. m. 

h. rn. 



f 1 

20. 5 

20. 5 

21 . r> 

20. 5-22 

22. GO 

2 15 


Plastic. 

1 

\ 2 

20. 5 

20, 5 

21. 5 

32 -32 

22. 06 

55 

2 10 

Do. 


I 1 

20. T) 

20.5 

21. 5 

20. 5-22 

22. G6 

2 20 


Do. 

1 

1 2 

20. 5 

20.5 

21,5 

32 -31.5 

22. GO 

GO 

2 30 

Do. 


i 1 

i 32 

20 

32 

32 -31.5 

22. GG 

20 

1 55 

Do. 

3 

1 2 

82 

20 

i 32 

20. 5-22 

22.66 

50 


Do. 


1 1 

1 32 

32 

32 

32 -31,5 

22. GG 

21 

1 21 

Do. 

4 

1 2 

32 

32 

32 

21.0-22.0 

22. GG 

i 

88 


Do. 

i 



Table XVll.—Clam III, cements ivJiich arc quick setting at 20° and also at 30°!'' 


Bottle No. 

Cement. 

Tempera- 
ture of 
water, 
cement, 
and room. 

Tempera- 
ture of 
room (lur- 
ing set- 
ting. 

Water. 

Initial 

set. 

Condition of 
paste. 

1 and 9 

A 

17-18 

17. 5-18 

Per cent. 

22 

h. m. 

1 40 

Pla.stic. 

2 and 10 

A 

29-30 

29 -30.5 

22 

1 20 

Do. 

3 and 11 

A 

17-18 

17.5-18 

21 

1 25 1 

Do. 

4 and 12 

A 

29-80 

29 -30.5 

21 

1 20 

Do. 

5 and 13 

A 

17-18 

17.5-18 i 

20 

40 

Slightly plastic. 

6 and 14 

A 

29-30 

29 -30.5 

20 

45 

Plastic, 

7 and 1.5 

A 

17-18 

19 

' (U 
(U 

28 

(“) 

(U 

! Very plastic. 

8 and 16 , 

A 

29-30 


19 

1 and 3 

B 

17-18 

17 -18.5 

24 

2 and 4 

B 

29-30 

29 -31 

24 

24 1 

, ' Do, 


^Impossible to make pat. 


U(BBark, — PastoH with 20 per etnit of water were more ])lawtic when made 

a,i 30 ° than at 17 °. 

MOIST- Am CLOSET. 

Aiiotlier ])Ossi])lo source of error wliidi may 1)C accountable for con- 
siderable variation may develop during the moist-air treatment. 

Most specifications allow the briquettes to be stored for the first 
twenty-four hours in a inoist-air closet or under a damp cloth. Moist- 
air closets are given the preference, as unequal drying often occurs in 
using the damp cloth. A well-constructed moist-air closet is essential 
to uniform resnlts.'' V , 

V '/One Condition dn/tHe, use, .of a moist-air , closet;,, that m liable to have 
considerable dhflueneehipon the resuliof, tbemement, tests- shonld^ be, taken' 

This ,dabte\Al$o,''showi 'the, e'ent of water more or 
108 % will'; produce,,' upon', eemeute. . : 
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into eonsidoratiou. ddiiV is protliurd by the heating of tluj (naiK'iit afiei* 
it is ganged and jnolded. MaJiy ('(nneiits lu^ai c^onsiderahl.y at sonu^ pcMaiu! 
of the stage ot early setting and hanlening, the rise in t(Mn]a‘ra,tiir(‘ oritni 
])eing as nineh as lO^Ch; it may take plane in live mimdns, or ii, may not 
ocnnr until many Imiu's after ili(‘ ganging. 

(J. Prussing'^'’ states that '‘■Jiiany slow Sidting e(uiu‘nts of excMdleiil 
({uality begin to set after five or six hours and tlun S(‘t eoni[)l(‘t{dy in 
one liour, gating a rise of tcniporature of to laait g(m- 

einted hy brupiettes placed under a damp cloth is not eonfincHl, as it is 
readily eonducted away into the siiiTounding atmosphere. Moist-air 
closets are eonstnietcd to iiisnlatn the interior fia)m outsider luxat in- 
tlnences as miidi as possible, and as a result the heat genei‘at(.Ml by the 
briquettes is condned; so that in a cubical moist-air clos(‘t of 2 leet on 
the side which was used to store briquettes after they were r(‘ino\XHl from 
the molds, tlie teiuperatiire often rose to 40° (d0° being room t(?ni])era- 
ture) when it held from 80 to 100 briquettes* A .niimher of slow- 
setting briquettes made at different, successive intervals of tiuu’, or worsts 
still a mixture of quick, normal, ‘and slow-setting t^emt^nts, will inidm* 
these conditions not be subjected to tlie same uni form lemperaian't^, or 
to a temperature change that is characteristic of it during its nn)st 
critical setting and hardening period; and tlui same is true of tlu^ sioragt?. 
of pats made for the time of setting when many are jdaced. in oiui com- 
partment after gauging. 

It is well known that the temperature conditions under which 
sets and hardens will influence its tensile strength. dduuHd'ore, llu‘ 
practice of storing numerous briquettes in one coinpartment of a moisi- 
air closet is very liable to cause abnormal on(‘, se\'(m and twcnty-cjiglit 
day breaks of some of tlsem. Pats for time of sthfing similarly sl-oriH! 
may be also affected, to such a degrot} ttiat an. otherwise slow-sdiJng 
cement become quick sotting. 

Wo suggest two ways of overcjomiug this objtHdional feaf tirt! of Uk' 
ordinary closet. The lieat generated by the setting {‘tmumis may be 
"coGclpcted away by means of forced ventilation of air saturfiJud wiPt 
moisture; or oidy d)riquottes:andrSetting. pats 'of'tljo same cenumt made! 
at pmetknlly the sam'** time Should be placed in i snnll, insulated com 


paitmcnt The fonmi methotl will maintain ilu inicnor of (he (onqi ui 
ment at maily the same teinpcraiuie as that of (he hboialoiy, wluh (In 


latter will meet the conditions of actual scivicc, is the lu it gimi linl 
by the cement is not readily conducted away Lal)oiaioi\ lists should 
eomcide as closely as is possible with the actual conditions ol (onstnution 
work, wheie largo volumes ol concrete are tamped into womUn Inurus 
^ auhb a large (^j^eeially in I ho c outer of it) 
it m ik fact paitly msidated 


^ \ 1 
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by tlic wooden molds. Therefore^ a moist-air closet formecl of several 
small^ insidated com])artuiontS;, eaeli witli its own 2 )an of water^ is best 
aiIa])t(Hl foi* the ]mr])ose. Sncli a inoist-air closet bas l)een constructed 
for this laboratoiw. 

Htandard cement S}.)ecifi cations slioiild include a definite form of moist- 
air closet with a complete description of tbe materials for its construction, 
its dimensions^ and directions for its use; otlierwise one source of tlie 
v«o-called personal error will jDcrsist. 

TIME OF SETTTNCr. 

The American -Society has adopted the Vieat needle method for de- 
terminations of the time of setting. It seems to be the general impres- 
sion, that tlie Gillmore method does not insure the desired accuracy; and 
many cement testers will regret that such a convenient and time-saving 
pj’oeoss has been supplanted by a more cumbersome one; still the Gillmore 
method; if properly regulated; can be made accurate; reliable; and im- 
partial and at the same time retain ifcwS simplicity; even though the meager 
directions in the United States Army specifications do not insure uniform 
results between dilferent operators and at times imposes unjust tests 
upon some good cements. 

MerZ; Meyei; Scliiffner; Boliine and man}^ others have each pointed 
out that to determine the time of setting of a cement it should be gauged 
with a quantity of wuiter proi)er to it.^^ It has often been demonstrated in 
this laboratory that 20 per cent of water is not enough to meet the re- 
{juii'cments of the fineness; specific gravit}^; cliemieal composition; and 
[)hyBieal projxu’ties of many good Portland cements sufficiently to jiroduce 
a paste plastic enough to be molded into a pat. The resulting paste is 
often so (]]'y and noii-eoliesive that it will not stick together or to the 
glass plate; and yet 1 to per cent of water in addition will ])r<.)duce 
the desired plasticity and eohesiveness. 

ddic wliole idionomcnon of the manufacture of artificial stone from 
finely powdered cement is one of solution; hydration and sul)seqnent 
crystallisation. The addition of siiffieient water is essential for imoper 
solution and hydration. The addition of too much water is to be avoided 
because of its effect upon the subsequent crystallization; and because 
the density of the paste must allow of proper manipulation. Therefore, 
it is very evident that plasticity and not a given percentage of water 
slionld be the condition regulating the paste for cement pats. 

The insisteiiee of the Uhited , States Army engineers upon a paste 
gauged with 20 pet cent of water seems to be, a striking illustration of 
Spalding’s' asseiTion;Tha^ "Tests, may he imposed' which In nearly all 
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eases will secure good ma,terial;, ])iU. often at tlu‘ cxjkoisc^ of rejeiding 
equally good or better nia.toi‘ia,].'' 

Merz, Meyer, SeldiTjier;, and otliors also insist tluit (oavii wIkui cemiuii; 
is g’a,ng*t‘d to the proper pla,sii(tity tliercj is a, larger pcu’sonal (MO'or dtu^ to 
the operator biinself. After a ('.areful study of tliis ptu’sonal tuTor, W(‘ 
have come to tiie conclusion that it is mainly due to tlu‘ following live 
causes : 

1. Tim inaaner of applying tlio needles. 

2. The ]>resenc 0 of small air bubbles iiear the surfact^ of the pat. 

3. The differenee in the amount of water brought to the surfatH^ in 
patting the cement together and its presence tliero in a moia^ or b^ss 
liquid layer. 

4. The difficidty in Judging the exact time wlion ihe maalles 
to make a ^h’isible improssiond^ 

5. The difference in plasticity. 

To overcome the drst difTiculty the pat should bt' maih^ with a Hat 
(not rounded as specified) top as illustrated in llg. 1. dllu^ muHlle slH)uld 
then be applied very gently and. aftei* the flat point rests upon (ho 
surface of the pat the full weight of the should, gradually 1)(‘ 

applied. Failure to hold the needles in an exoudly void, hail position will 
often eanse the edges to indent wdiero the ilat poini. would .not. 



Fm. 1. 


To ovorcome the second^ third and fifth, difficulties^ the c!eruc!ul: is 
gauged with tlic least amount of water which afim* om‘ miuutcfs soaking 
and four additional minutes of vigorous troweling will [irodmaj a paslc 
spflieiently stiif to retain its shape^ and yit^so plastic', tluvi. ilu^ iniiinl 
needle /will sink 'almost to the glass,, plate ' when, applied directly 
forming the pat. A' ball of this paBte when 'dropped from a ludghi of 
70 ; centimeters will flatten very slightly , and will not , crack; ^ ,A Jirmp 


dropped iTom the point, of the trowel'Wittdeate, the aurfacjc of tin? hittx?r 
comparatively clean., In forming, the pat the, cement should Im lh,o:rough,!y 
patted together with the flat of the’ trowel" TIuB''eli,minaies tiic''’air 
bubbles near the surface and also brings the excess of water lo it. In 
forming the flat top, tlio hyperaqueon^ cement should h vripc^i off as 
#^^powble wifh the of the trbwplj, and the surfiue left smooth 
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sixty minutes. HoAvnx'er, tliis uiieertain ty (-an ho greatly overcome if tlie 
needle is carefully applied at intervals of dve, teip, fifteen, or twenty 
minutes according to tlie rapidity of set, indentations deing made in a 
row. After the pat has hecoine dry, tiie point where tlie needle ceases 
to penetrate is easily recognized (especially so if the siirl'aee is slightly 
moistened), and the time can tli(ni bo ealenlated according to the niind^er 
of previons indentations; 

dhgs. 2 and 3 illustrate a quick and a normal setting cement, worlced 
aeeording to these directions. 
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This method, once the details, are mastered,, is Just as convenient and 
quick as , a less aeettrate one. For. research work and for cements the 
, 3ettihg: qnaHties of which are close to the reqnirements of specifications, 
it is, especially valuabls, as ,we have, fddn;d that tw*!) pats of the same paste 
wili, compare almost eihbtly^,,: and. , even different operatoi-s will not 

_;,;yary :10 ,per chntdf tl^eji, 'aje-iparelpi-and^Bl^cient., ■ ■ ; ■ : ; , v,' 
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riowtn'CM*, it luiH Ix^on oiir ('xjhmmciuh! l.lial., as Mpald ini*' siai(S, 
rate ol sattin<>* of neat pash' i>*iv('S but indii-aioii of wiiaf, Uh' acdioii 
may be with sand/' SovernI iiis{a,]ua*s of saJ-israelory iH?at nfid iinsalis- 
factory mortar tensile strength have b(‘(‘ii ('iK-oiiidi'riMl in tin's laboralory, 
beeaus{^ of the more rapiil sedting of (Jk' (a'lneid wIk'II i‘t)mbim‘d wilh 
sand. It is deeimul siillitai'iit to slater luvre iJiat the inoriar ;ind lu'ai s('i 
must vary beeauscof ilu; didVring* iKaxa'iitagn of wafer whitdi is iisi'd, liu' 
differeiiee in ])liysi(ml manipulation, in the air ex|H)sur(‘, in mixing, llie 
physical and |>ossib!y also the (du'iniiail iniliuaue, of tiu' sand. 

For the thorougli study of the nature of some' ix'inenls the deit'rmimw 
tion of neat and mortar sotting (jualities may bi' ('ssi'idinJ. A simph' 
method to determine the setting tinu^ of a mortar is ht're snggesied, h'he 
beginning of setting when sidliiu'mitly rapid appre(aa,bly to inllrn'iiee liu' 
briquette manipulation is cluiraeterizt'd hy smbh'ii drying and a, slight 
stiffening of the mortar, if a mixture is made as if for bri(pi(di('S and 
the mortar then idaeed on a glass plate and. dividiul into (ad.K‘S wifh the 
trowel, a slight set may readily be {hdeeted wlion a (.'ul)e, upon bt'ing 
erushed between tlio iinger and tliuml), leads dry, erumbh^s apart and oilers 
a slight resistance to the crushing forcu. A .lumler S(d» may lu' arbitrarily 
fixed and determined when the vsetiing luis ])rogr(\ss(Hl to tlu^ exlmif. tliai 
a one inch cube dropped from a, height of one foot will not eiaud^. 

However skilled tiic operator may be, or howtiver accurate Ids imdliod, 
uniform results even by the same operator and on. tlui saane t*mnent (*an 
not be insured unless the precautions described imdm* the i)revious li(ai(h* 
ings of ^^Effects of aeratioid’ and ‘^'^The moishair closeh’ im\ lictalt'd. 
Tlius, the first sample taken from near the siudlu^e of an expowul |)aid<ag{^ 
not previously mixed, may set iJi twenty minutes, while sii(!aH.xling sann 
])les taken at a lower depth may not set for hours. When it is dt'sired 
to make a series of comparative setting tests on the' aaims cu'mciit it is 
advisable to remix the sample thorouglily btvfore weighing and tlum siin'o 
the cement in tightly stoppered, wide-mouthed bottlijs until it is usrd. 
Tlie pats should be stored in insulated co,t.npartttients <vi: tluj nioisi-air 
closet to avoid the influence of , the heat liab.ie to be goners Ud i>y ollmr 
pats daring' setting. 

BOXlNDHiUBS. 


Tests for soundness, like setting pats, should bo made with a pash' 
of the correct plasticity. If too Jittlo water is used in gauging, the 
jcemcnt will mi adhere properly to the plate, and hek pC cohesion m ifie 
bement itself may result in cracks not due to its subsequent expansion 
or contraction. If too much water is Ui&ed, shrinkage cracks o| such a 
easily mistaken for endetoc of unsoundnees^ may occur. 
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'^rin’s laboi’aiory tihch tl)o ^nmo plai^iiaity in its tests for soundness as r<n’ 
setting pats. Idie eeincnt in this condition is tlioimigldy wet and pliahha 
i)iit still stiff enough to retain its shape, tlierelore it meets all the j’ecjuire- 
nients of a just lest, (tjiifonnity between ditferent testers is also secured^, 
because 1 p(M* cent ol water more or less would so change the nature of 
the ])aste that it would he rendered either too dry or too liquid. The 
results o])tai ned depend nuieh upon the skill of the operator. Sudden 
change's in teniporatiire during the steaming and boiling tests should 
alwa 3 '\s he a\’oiderL Moistening the surface of the glass plate with a damp 
cloth before apph'ing the paste will insure better adhesion to the plate. 
A ball of the paste should then ])e applied to this surface and patted 
down very vigorously into the desired shape. Vigorous patting with the 
flat of the trowel eliminates any interior cracks^ reduces the air bubbles to 
a ininimiun and brings the excess water to the surface. For soundness,, 
the top of the pat vshould be arched and the rim troweled to a thin edge 
as shoAvn in fig. 4. Pats made in this manner will not warp or crack 
unless the cement is faulty. 



Fig. 4. 


We have noticed that different testers interpret the results of soundness 
tests in different ways. Some operators will report as ‘^hinsound'’’’’ a 
cement that shows the least trace of warping even after air exposure. 
Cements wsliowing only slight incipient disintegration are often reported 
as ‘'klisintegrated.’^ In like manner plate'' and ‘^cracked plate’^ ai‘e 
often attributed to expansion and contraction. Such an mterpretation is 
unjuBt to the nuxmifacturer,, as warping and cracking to some extent under 
certain conditions are not to be considered dangerous, A sound pat com- 
bimul with, a broken plate does not necessarily indicate dangerous con- 
traction or expansion. Every cement expands more or less, and in tliis 
case the adliesion between the cement and the glass is very strong. As 
the glass also lias an expansion factor, all such eases should be reported as 
satisfactory if the pat itself shows, no sign of cracking or warping. To 
insure a perfect understanding between the manufacturer, engineer and 
tester and to avoid unjust op, misinterpreted results, specifications should 
include a deseriptive chart pf the proper standard interpretation by wMeh 
the,' extent, significance,' and', importance nf theVariouSydegroes: of warping, 
cracking, ^disintegrating' ,and s,hrinking’ 'are.; fe .,bd,regulait©(l . This laboya-^' 
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tory -lias adojiietl tli (3 standard ])ortrav(Ml and (k'S("ril)CHl by dbiylor and 
ddK)Ui])son in ordta* to insure a ('(uiiplote eoinprc'lu'nsion in lliis respetd. 

Mneli. diversity of o])inion exists rt\ij:a,r(lin<»* tlie rejection, of a ecuiu'nt 
wlnb'ls fails to inec't the })oilin,i>;' test/^ but \V(^ ri'-^yard siieli a (a'UU'ni as 
dangerous if it is to be us(‘d in works (‘X[)osed to ibe lu^at of l.lu^ tropi(ad 
sum. 

* Excess of Jinny, coarseness of grinding, insnilicient stuisoning, and 
uiulerburning of a cement may causi' it lo fail to pa,ss tin* sound tusss irwl. 
It lime is tlie eairse,, storage may eliminate the dofecO aa tlu'. linu*. 
would, thus 1)0 changed to the carbonatcy or slaked, and so would not cause 
subsequent expansion. 

Many engineers believe that failure to pass the hot test is not a pr(,)o,f 
of interioiity, as the cement so failing, if mixed with sand or some other 
aggregate, Jias produced durable masonry; it is also a known bud, that, 
thoroughly slaked lime paste can be added to a Portland cimumt mortar 
without injurious results. We suggest tliat., ns is tlieu'ase in d(.d.ei*mining 
the time of setting, some specification be devised to tesi: tlu‘ nundar 
mixture as well as the neat paste. 

TENSrOE STRENOTII. 

The variation in the breaking strtmgtii, of both nead, and sand brlqucd-U'S 
is a source of trouble to every cement tester, and despite nvovy eirort; io 
eliminate tJiis error, breaks continue to be varialjle with a, pei’si.sleiUH' that 
makes it necessary to double or treble the number of bri(pnd.tes otluuuvise 
re(|uired. Wc have made a thorough study of this variation and as a, 
result have come to the conchivsion tliat only a portion of it is due (.o 
the personal error of the operator, and that the remainder is ca,iised lyy 
the cl laracteri sties of tlie cement itself. 

Persona! error even with the most careful manipulation, may lie pro* 
(iueed by (l)amavoidable variation in trowtding; (?i) (li^^c‘r(m(^(‘ in ilu^ 
forcfe of the blows; (3) lack of (Hjiuiliiy in rormi,ng eacdi layer of i,lu^ 
briquette; (4) variat,bii in tdic size and shape of tlu^ mold ; (5) diirm-enct^ 
ill thevsizeoind' shape -oi' the sa'iul particles; ((>)' perwinaJ error ,iti "imudum' 
'.operation; (7) unavoidable internal strains and, voids (laused hy 'ilu* 
manipulation whicdi the specifications impose (B) tl:ic dnipoRsibilify of 
Securing a perfectly homogoncoiis mixture; (9) variation in clryirig. 

The errors caused by the natural charactenatics of tlie cement, and 
Hvhich need rnoi^e extended explanation, are as follows ; 

. 1. It is obvious that it is impossible to expose the same immlier of 
pement particles to the action of the air for tlio same length of (iuu' in 

d(; ,'|‘i “ y ' I 'I . ' y ' f d'.' . y ' , 

ami Beinfowl K4# tork (WOT), 10:f-107. 



PORTLAND CEMENT TESTING. 


161 


each instance during troweling; those outside will l)e exposed more than 
the inner ones and the evaporation caused !)}■ contact with tlie air inay 
cause setting. We would expect a greater vaiaatioii from this cause in 
(juick setting cements tliaii in slow ones ; and our experience has confinned 
this. Slow setting cements give the least variation in tensile strength. 

2 . Another cause of variation is tlie tendency })osHesse(l by some cements 
to enclose ai]‘ hubhles, thus producing irregular voids. 

3. Unequal liardcuiiig of the exterior and the interior of the cement 
l)ri(juettos may cause diJTerences in lieat generated during setting* and 
va]*ial)le water action during sulnnersion. This cause may also produce 
internal strains and voids. This variability would also be especially 
marked in quick setting cements. 

4. Jrregnlarity in the intermingling of the crystals during crystal- 
lization. 

In summarizing the al)ove conditions, only errors which are unavoidable 
and such as might occur in a batch of four bricjuettcs made and inanipii- 
latod ill the same manner and under the same conditions have been 
assumed, and our endeavor has therefore been, if jiossilde, to minimize 
tlie personal error, and to this end a iieiv type of tamper differing from 
that specified by the United States Army engineers was adopted. AVe 
found it impossible to raise the specified tamper exactly one-half inch 
at every blow, and at the same time to apply the blow Just wliere we 
wanted it. A simple, accurate, easily and quickly manipulated tamixn* 
whicli gives the same force to every blow, and hits the exact spot desired, 
was therefore devised by us. 

A (fig. 5) is a thin, hollow cylinder open at d and closed at c. It weighs 
about 00 grams. B (fig. 7) is a solid brass rod which weighs just 1 pound. The 
end bearing the lug h is inserted into the cylinder A, h following the groove o. 
To manipulate this instrument, the rod B is held near the top with the thumb 
and forefinger of the right hand, A being held in the same way with the left. 
The lug ?) is drawn hard against the angle in the groove and the end o is placed 
on the surface of the cement just where it is desired to have the ])low strike. 
The rod is tlien dropped and at the same time the hold on A m loosened. A 
little practice will enable any one to operate thi.s tamper very quickly, and at 
the same time to deliver an unvai'ying blow due to the half-inch drop of the one 
pound rod. The blows can be directed at will and it is not possible to hit the 
edges of the mold. 

The United States Army specifications direct the tester to raise the 
tamper, one-half: inch above the surface of, the cement. As the paste and 
mortar are put into the niolds; in a. lumpy, condition, no plane surface 
line is presented j and . as vve, wished tp control the force of each blow as 
much as possible, .a; ‘surrafcer was Revised, to, enabile! hs to have uniform 
plane.; " 
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This sxirfacer is made of steel and of the form shown in tigs. 1) and 10. The 
Oat surface o fits loosely into the mold. The layer of cement is fdaeed into the 
latter, distrilmted as evenly as possible with the fingers, and tlien lightly pressed 
together with the siirfacei*. Treating cacli layer in this manner also keeps the 
material from sliding and working around during tamping. 

To secure imiforni effects of tamping it is also essential tliat the suc- 
cessive layers of each Ijriquette be inade as nearly equal as possible. 
This is easily attained by the use of a small beaker as a measure. After 
selecting a beaker of the correct, capacity it is scooped Ml of eeiaent, 
the nxcesS; shaken' off^.dnd" the remainder turned, into the mold.., ' 

It' is not .adfisihle Tn -mortar nianipulation '.fomse" h: 'nieasure; the 
uiortar adheres fo tlie glass, To, ^ some 'extent'' ‘'ahdyTil dumpings the, sand, 
-readily -falls out/'btit, chnaenT pi^teTemams 'attachedTo the 'beaker^ 
';thus'''h(ianging', tite ^mtio;' of ylTo tbe: hiw'tar mto, 'a', 
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Ihit s<jii{ir(‘ oil ilio sla]), and by |)n‘ssi!r(‘ with iUo of (In‘ Irowri 

rapidly divide it iido Hixtecai (oilx^s. Oiu* siadi (odn* torins I'arli la.V(0‘ 
of ilie brirjiadlc'S. 

In, tajnj)inii»‘ llie la.st layta*, it Ik a.d viv‘^a,bl(‘ l(» lay an (anjdy mold 
(*xa,(d.ly ov('r i!u‘ othm’. 11ie eni[>(y mold aels as a ,e;nido for tin* lamper 
and so a.voids ila^ |)ossibili{y ol* llx^ loss of lln? roll idlVid <»!* a blow raiisod 
by sti‘ikiiyj 4 ' {Jh‘ of tia* mold. 

Idle United Siatc's ;\i‘my sjaudlUatiims diixxd. Ihai, eaeli layei’ of ceimmi 
in ilK‘ THolds be iinironnly tamped wil.li (.Idrly blows, ddim'o is no 
possildc way io avoid unequal ov(Mda.ppini»* of blows wiih ilie iaiujHT 
s])ceified (botli round and square). As a, nssulis and also luaxanse of 
tlie faet that the ('onumt is ]mt into tin' molds in a inon' or less lumpy 
condition, ceriain. voids and exnx'ss in 1-lu* (^onsislemw ami eompaelness 
of tlic resulting liriqueiies a, ns inmvoi<l,able. Air spai'es also form wilb 
;more or loss irregula-rity. ldies(^ prodiux' iidc'rnal si rains and \ a rial ion 
in eoliesion, and eoiisecpiontly din'erences in the binniks. Tins illiistraies 
one case of a specification wbicdi, i,mposes variability {)f residfs upon Ilie 
tostorx 

The Ainericmi Sociefy luetbod (diminaies the grealer pari of this 
trouble. Tlio paste is more liomogxnu'ous and plastlt^ (iml. lumpy ) ; il 
is readily prosvsed. into the .molds by tin' llngxirs and a subseqiH'id paHing 
of the briquette wiili, the flat side of the trowel will elimimdn auy varia* 
tion in compactness caused by muapnil firt'ssnre of llu' lingu'rs. 

Tile natural tendency In tam])ing brifjuettc'S is to strike' ilie middle, 
narrow section more tlian the wider ones; it follows i.ba.t the resiilfiri)^ 
bri(|uette is denser in the middle portion. Idris is the main cause of 
bad breaks, be-sides giving a higher ix'sult ilian is just if imiformily 
of tamping is followed. It is just as essential not to vvcaikeii ibe middle 
'Section below the average tieusity. Siudi a metliod of tamidiig will give 
good breaks, but lower ilie tensile Htrenglli. 

After exptwimentiiig with many metImilB io socure aa nnifonn iamtung 
:'a8 possible, concltieivo to good , im^aks ,and gixmttmi Htrengtfi, w<‘ hiivv' 
adoplod the.Mlo'wliig' niethod wliicli can he 'accurately (anwltwl out with 
r ,,anto,matic tamper, k 
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Tbe foiirtecu Ijlowf^ illustrated by 11 are repeated and the final two 
struck directly across the middle as sliown by fig. 12. 

KTeat briquettes made in this way always break across the center in 
the Fairbanks roller clips, and seldom vary more than 10 per cent from 
the highest (5 per cent from the mean). At times, batch after batch 
will break witliin a few pounds. Again, at rarer intervals^ an occasional 
break occurs which is 20 per cent or more away from the normal. This 
variation depends to a great extent npon the nature- of the cement and 
the consistency which the per cent of water used ]>roduces. Quick- 
setting cements give the greatest variation in results. 

Sand briquettes still continue to differ considerably^ as is true with, all 
other methods. The variation in the size and shape of the sand particles 
and the eorresponding voids and excesses of cement are such that it does 
not seeiu possible to contrive any method to eliminate the differences 
in the tensile strength. The chief value of our system in this re- 
spect is that it insures good breaks and lienee gives more data to 
report from. Foi‘ tlm purposes of investigation and for work wliich 
is under dispute, the question of vaiiatiou in the force of the blows and 
their application is eliminated by our method. It is also true that tbe 
mechanical tamper renders it possible to depend, upon the labor of 
assistants. The variations in tamping liaving been eliminated, a smaller 
immbor of breaks will suffice. find that four briquettes from two 
batches of mortar will almost invariably cover tlic entire range of pos- 
sibilities, and show any undue variation in the quality of a series of 
cement samples, this is illnst.rated by Table XVIII which shows the 
uniformity of the cement very plainly, despite the small number of breaks. 

71978 5 
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Table XYUl.—Shoivin;/ the Hinfarmitii of hreokn due. 1o iJie mclhod of loiiijiiiujd 



Fineness, .speeiln* gravity, ami sot.'' 

Tensile strength in itoumls perspnnre 
ineh. 

No. 

Fineness 

SiKM'iiie 

Initial 

Final 

N(‘at etmuoit. 

1 eeineiil (<* 3 
sfUid. 



(lUb 

nit'sh). 

gravity. 

set. 

h. w. 

sel. 

h. ///.. 

1 day. 

7 days. 

V.sdjiys. 

7 (lays. 

28 (biys. 

r2-i 

or>. 1) 

3.0G 

3 30 

2 35 

315 

558 

625 

166 

250 

r2-2 

9(1. 3 

3.07 

3 15 

2 30 

331 

553 

650 

161 

271 

F2-3 

9(5. t) 

3.07 

3 30 

2 25 

327 

■195 

5S2 

162 

274 

F2-4 

97. 0 

3. 07 

1 30 

2 25 

300 

511 

.568 

166 

260 

F2-r) 

9(1. 8 

3.07 

1 30 

2 3(J 

322 

,520 

58,5 

15;! 

249 

F2-t> 

96. 0 

3.07 

3 23 

2 33 1 

330 

.528 

622 

157 

2 15 

F2-7 

97. 0 

3. 06 

3 35 

2 15 

.351 

531 

.562 

163 

- 1 7 j 

F2-8 

96, 5 

3.07 

1 37 

2 to 

331 

506 

611 

363 1 

260 1 

F2-9 

96.5 

3. 06 

1 25 

2 'F> 

335 

.503 

620 

158 1 

24‘! i 

F2-10 

96.4 

3. 07 

3 30 

2 50 

338 

.522 

600 

175 i 

1 

2* >6 

Number of ])ri<iuette.s f)r(,>kcu 

— 

2 

3 

3 

■j 1 

1 

4 


a See also Table' XI. 

‘sSouiuIness sati.sfa,otor.v at the end of six and twenty days, respe'ettively, 


The following cliagrani (hduonsiraios iluv valiK^ of our inolhod : ''Pwoniy- 
eight briquettes of ceiiudit^ ground, (bxireniely won'* nuule and. bun* 
briquettes were brohen every other <hiy. n^suits are |)hdh‘d on iJie 

curve show.ii by diagram ixiiinber Ih 

/I/e: in days 



K \ 


PlAa&AK No* 3. 


'I’hf'l of interest as it plainly dpmonstfatoH tlw mienual acHon 

of water nl^dn ttw briep^ttea^ tine teadettcy Mag lor tlw ourWB of the 
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111 this laboi-atoiy all sand briquettes are broken in a German machine 
( Huger shotf)^ invented by Miehaelis. The Fairbank's roller grips are 
so heavy and the surface ol contact so narrow that they ernsh through the 
majority of 7-(lay mortar liriquettes., gi\'ing bad breaks and figures 
representing low tensile strength^ and this is especially true of cement 
which does not in itself develop great strength. The German machine 
offers a wider surface of contact and the grips support their own weight. 
Comparative tests carried on for months in routine work give 10 per cent 
liiglier results with tlie latteiq hut the variation is greater, as tlie machine 
is more delicate; the probability of obtaining bad breaks is also greateiy 
but when our system of tamping is used this probability is reduced to 
a minimum. 

It is especially difficult in this climate 'to obtain uniformity in the 
demonstration of tensile strength. The laboratory temperature seldom 
falls below 26°^ and is often as high as 31°.5. Our own experiments 
bear out the conclusions derived from all published data on the influence 
of temperature. High temperature is conducive to slightly greater tensile 
strength on 7- and 2S-day testS;» and also to a greater variation between 
breaks. 

Tim different tensile strengths secured by different niacliines^ moldS;, 
and grips is another reason why there is sucli a great lack of uniformity 
between different Ia])oratories. Johnson, Sabin^ Thompson and Taylor^ 
Spalding) Butler^ and in fact almost every, authority on cement testings 
devote considerable space to illustrating the variable results tliat occur 
from this source. A specification that allows any form of grip and mold 
can not hope to accomplish its purpose. Tlie Army specifications allow 
the use of any tensile strength system. The .American Society specifica- 
tions recommend a special form of briquette and regulate certain im- 
portant factors in the grips. To insist upon a certain machine^ grip^ 
and mold would he a ratlier delicate undertakings but until this is done 
there may always be a large difference due to ^^personal equation’’ between 
the tensile strength determinations between different laboratories. 

The American Society introduces a very good, check upon the mixing 
and molding of briquettes by specifying that they should be weighed just 
])eft)ro immersion and that all which vary more than 3 per cent from the 
average^ should be rejected; in this way greater certainty in results is 
obtained. It is very easy to work within these limitS;, and every tester 
should strive to attain weights which approach each other witliin 1 per 
cent. This deteiinination of weight, in addition to being a check upon 
the unifornaity of mixing , and molding, may also disclose the effect of 
unequal drying and of imperfect molds. Sand briquettes are more liable 
to variation beyond the limits of 2 per cent than are neat. This dif- 
ference is’ as is the variation, in,' breaking 'strength, to the, lack of 
: uniformity lin’ the ahd, shape of , tire 'san(i'”p'articles'and the irngnlarity 
"in'voidsi k' 'I ’’ ' 'G;' t ^ ' ';,,d ^ ^ ; 'y ; y: ’ 
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TIk^ com^lusiou would naluTiill.v ln^ (Irywii ihal. iho llio (lonsiiy of 

ilie l)ri(|U(!lfc(‘, ilu' would, he its iciUrJik^ si li. 'I'liis is iml Iriio 

within limits of 3 per coni,, as llu^ olJim- l■^^asnns for “poi'soiial orror" 
above d(‘svi'il) 0 (l may ovorttoiiu' ilio natural iondcncy In liipli lonsilo 
stronpih oanw'd by tli(! donsity of llic malorial. In saml mi,\lun's, also, 
a high density Jiiay simply show lha,t mon' sand and less eemeid have 
hetm used. 

These i'acits an; illuslrat(‘d in onr nadJiu^ work and slmwn liy 'I’ahles 
XIX and XX. 

Tahlh XIX. — Morlar hriiiiwIU'n, I lo .1; ./Ji /«'/• tnilrr; liiiiijir,l. 


Haraplc No. 

Time in 
(layH. 

TenHilt'i 
stnMip’th 
io pOUlK-lM 
p(‘r Kmmrc 
iiieli. 

Weijiifht. iti 
gruniH. 

1 

! 

j Sample No. 

i 

j 

I'ime in 
days, 

Tenstl<‘ 
sttvipith 
in luninds 
per sdjiuire 
iueh, 

WeiKdil iti 
grams. 

FI -5 

7 

171 

181,0 

KLH ... 

7 

101 

181 . 1 


7 

181 

121 ). 1 ) 


m 

177 

180,7 


28 

211 

180 .r> 


28 

*J 21 

180.0 


2 H 

2(10 

120 . ft 


28 

288 

120. 2 

,KL(i 

7 

:i 7 () 

181.1 I 

Fl -0 J 

7 

IHH 

181. 1 


7 

102 

180. 0 


7 

1 

180 , ft 


28 

188 

181.0 


28 

2 M 1 

181,0 


28 : 

IDft 

180. 0 


28 1 

282 ' 

182.0 

Fl -7 

7 

178 

128. 7 

FM) 

7 

182 1 

lUO. 0 


7 

11 ) 1 , 

120. 8 


1 

102 ; 

180,8 


28 

228 

128 . 0 

i 

28 

288 1 

180.8 


28 

210 

127,0 

1 

28 

28 ft 1 

181,0 





1 

f 





Table XX. — Neat Irriqnetten made from aample >'/ <(ec<mliap io Ameriena Hoeivhi 

peel fl eat ion H* 



I'ensile 




Tensile 

Ago it), 
days., 

strength 
; in roonds 
jmr square 

Weigh t in 
: grains. 

Avemgo 
weight in 
grams, 

Age in 
days. 

si rength 
inpnnndH 
per Hquare 


inch. 




Ineh, 

28 

' flOS '' 

' ' 187. 8 



680 

28*„ 

^ oes 

: m8 

i 1874 

28-.., 

0,18 


i (580)'; 

1i8..2 


fHH) 


n , mn 

' I87d) 

1 

28.. 

mi 


(680) 

X87,6 



02'1 ’ 


'dlSO 

,'487.8 

187. S) 

■,■28..*.. 

(001) 


620 

4874 

28 

681 


625 

m.a 


■28 , 

617 





WHKhtIn 


AVi*t’HKO 
wt*fKhi iij 


VM, r> i 

I 

Ilia, ft i 
Bin.K i 
IHT. ! 
laT.T ' 
1U7.0 
VMl 1 , 




1117, « 


|6f tfais labomtaiy -vw forced to manipuhito all eemeniK 

Br HpoediBat wHh 

, 

tlwi aliertiicai ftnd physkml 

tltt tellottiiifi (nblo 

yp,;,' , , 
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TarIjE XXr . — Variuiiom in tensile strength with raryinfj quantities of irulcr; 

1-day results. 


Sample No. 

Neat. 

1 to 3 
mortar, 
12.5 per 
eeiit 
water. 

20 per 
eent 
water.- 

22. r> per 
cent 
water. 

T)4-2 

219 

033 

213 

1)4-4 

1S2 

014 

208 

IJ4-0 

1 1G7 

612 

210 

I>4-8 

i im 

000 

200 

1)4-10 

1 178 

003 

209 


Tlic liigliGst results of four good breaks are recorded in each instance. 

It will 1)0 noticed that the Rand briquettes (12.5 per cent water equal 
to 50 per cent calculated on tlie cement) present Iiigher results than 
the neat with 20 per cent of water; and that 2.5 per cent additional 
for the paste increases its tensile strengtli over 200 per cent. The 
following table shows a failure in either case : 

Table XXl.r, — Varying quantities of water used with a failing cement. 



7 days neat. 

28 days neat. 

Sample No. 

20 per 

24 per 

20 per 

24 per 


cent 

cent 

cent 

cent 


water. 

water. 

water. 

water. 

L181 : 

200 

404 

274 

408 

L184 

257 

I 438 

350 

523 

L180 ’ 

1 202 

418 

318 

451 


Twenty-seveu per cent of water gave lower results tlian 24 per cent. 

It is a simple matter to judge when a cement contains enough water 
if the method of tamping is used. Tlie surface must be wet when the 
hist layer lias hewi tamped into the mold and of not quite the plasticity 
described for the pats used in determining the time of setting. A dry 
surface is positive proof that very low tensile strength will result. The 
determination of the “normal consistency” can not be used for this 
purpose as the resulting paste is too slushy for tamping. 

If 20 per cent of water gives too dry. a mixture, we add an additional 
quantity sufficient to bring the water to the surface after tamping. The 
percentage of water necessary, to. accomplish this result is included with 
the report, of the tests, The, results obtained in this way by our tamper 
and metliod of tampiag: are satisfactory^ consistent ,;,and true to tbe qualify 
of tlie cemeht^; The best rtoult of fon^ gbbd breaks is sufficient for all 

routine iPprki;, i/v ' '1 ' ,' 

The United States Army speeifil<Sations state that the best; results a,re 
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obtaiiKJcl wiili a mortar coiiiaiiiini,^ I(» fo 1^2. por ('orii, of walor, mul 
suggest ihxi use of 12.5 ihu* co.nl. is ('on(,r,‘ii’y !o host pne-Hee juul 

results. The correct ainoiini of waJvr for snnh, as hu* neni hri«|ne(les, 
hepeuds iij)on. ilurtia-tnrc' of ilie. (HUiieiiL aiul llu^ amonui of waler !H‘r«*ssar\ 
to wot ilic‘ surlVuiCi ot tlu^ sand. We. find lhat 12.5 |hm* (‘cnl is jen mtud! 
for iiiori.ars ilui ntait eeiiuuii. of which worked wilh 20 |M‘r irni makes 
a fairly W(d; paste; aiul that. ,10 ;per lauit for Hiu-h a. (vineiii gives heller 
results. naisoii for this is a. piiysitail one, a.s in lamping: a ver\ 

wed. mortar into jlhuag iniieh of tin' (u'nu'nt is uiunoidaldy losl. io ihe 
liriqiiettcs. During ila^ tamping ojx'raiion tin' water is 1‘tiret‘d f(j 1x51} 
surfaces, and, carries with it tln^ llnest ('most vatuald(') (.M'tnenl parlieles. 
hi. fniisJihig the lyricpuitte^ this top siirltnas ('Speeially risti in eemeni, 
is struck oil; and the n.'Hidiing hricpndtii is wt'akened hy (lie rt'dnelion 
of the 1 to d ratio as well as hy the loss of a. porlion of ils most valuahh* 
constituent. 

Wc give this explanation as the reason why many hriquelfe maehines 
fail^^ and why under cerlain condiiions a slight Huger pres>ain‘ will 
make a stronger brh^vietln tlian powcadhtl nn'ehaiiitail foi*c*('. ddie com' 
siderablc pressure exerted on the briepudoh'S by such mai'liines forces 
the water to the surface and this ea,rries eennmt wifh if, while the sand 
is left in, the mold. 

As the addition or subira(d;ion of as lii.tle as 1 pm* eenl, of wafer may 
effect ilie resulting strength of a inori,ar hri(|nefie suirieieully lo vmm* 
the acceptance or rejection of tin' rnaitu’ial,, the Ann'rhiiu KiHuidy inlro- 
dueos a good feature in cement (esiing lo cover tliis elTetd, for in {heir 
spexdflcations the amount of water tu'<j<,‘ssary for any niorfar is given 
according to tlie percentage of water rtapiired to reduct' ttie iieaf, ei'iiienf 
to the normal consistejicy paste. This is shmvn liy tlm following lidde; 

TMUai! X'XIiL— /*cfcew/5fO/6* u/ rrqtnmf for mmi looriom 

l part tj<‘nn*at 
I'lornml c.oa* | to a t»art^ 
amt wtanUnrtt ot- 
1 tawawnd, 


i'W miL Ptr rmtL 
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The American Society specifications, with some modifications, will 
be adopted to test cement for all future Philippine construction work. 
Although this change has l)ceu favored by this laboratory, we do not 
believe that tlio above table, regulating the amount of w'ater for mortar 
bririuotU's, will bo advisai)le in this climate. A natural, sieved Philippine 
sand will also be used, but the ratio between the results obtained with 
this and those with standard Ottawa sand is still to be determined. 

Atmospheric influences will not affect the cement during mixing and 
molding aeeordijig to these specifications to as great an extent as with 
the tamping nietliod, as the whole operation of making the briquettes, 
once the normal consistency has been ascertained, requires only about 
one-third of the time. 

I'lowover, the tamping method, accordhig to the United States Army 
specifications, is more in accordance with actual practice. It takes from 
sixteen to eighteen minutes to gauge the molds, which is about the 
average time that concrete manipulation in structiu-al work requires. 
If the eeraent begins to set in ten or fifteen minutes, the tensile strength 
of the briquettes will be reduced by subsequent tamping, which is just 
what may be expected to happen in field work. According to the 
American Society manipulation, the briquettes are gauged in five or six 
minutes, hence the result of quick setting ten or fifteen minutes after 
the water is added does not affect the tensile strength so much, as the 
intermingling of crystals which are then formed are not broken up liy 
subsequent tamping. Therefore, failure to pass the initial set require- 
ments of eeiuents tested according to the American Society specifications 
must be given more imporknt consideration than otherwise, as the tensile 
strength, while little affected in lahonitory tests, may suffer considerably 
thereby in coiistruction work. 

SPEOllfTO UltAVlTY AND LOSS ON IGNITION. 

Much diversity of opinion exists among cement workers regarding the 
'value of the specific-gravity test. It was formerly considered as an 
almost infallible indicator of adulteration and undorburuing. The work 
of Butler,“^ Meade, and of the committee on teclmical research of the. 
Association of Cement Manufacturers has proved that low specific gravity 
is often due to seasoning, and that , Portland cement, can be heavily 
adulterated and still retain a specific gravity , above 3.10. As a result, 
many engineers do not now attribute any value whatever to this test. 
However, the experience ' of , this laboratory induces us to support the 

■^Ghem. Mng. (1907), 5, 219. , , , 
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assertion of the paragni.jth, liendeh ohs(0‘valioiis’'' of (he, 'hMOit- 

mittee on siniulard spc(!ifieatioiis (or coinonl.’' ’^.riiis eoniinii tee shiies: 

“tSpecilie <j;Tu-viiy is Kfioful iii aduliiM'jU ions and niidnrlnirnini', 'I'hn 

rtrsnlt.s of D^si.s of sjXHdUh! o-)-a,vi(y <n'(‘ not noocssa.rily conr/z/x/rc as an indicalor 
of tla^ (juaiiiy <d’ a, (‘(onoiil, bui. wIkmi in (',(nid)ina,(.ion wilh ibo vosnlfs of fdhor 
losfs //zzp// all'ord V{iluaJ)lo indicut ions.” (Ku.lics ar(‘ supp! i(‘d. i 

Idio s|)eei(i(t gravity iHiisrfid in deiiuding {ululiiM'adons iHuaiuse tHn’inin 
a/lnlixrralJons will atlxn* (j,u‘ s[>e(h(l<'i gravil.y luy'ond lli(‘ liniiis (tf speoifien 
(ions, llowiiver, the ndn lUnnlJon ol' Portland c-eininii is so readily de- 
tected l)y conip(d,ont chemists a.iid lesini's that, it is now sihdom indulged 
in by niannlactintu'S. lldie real ])rohh‘m ol' cunmnd. iesiing (anu‘<‘rns iistdf 
with the pure producd.; and i'or the valmiiion of this we (iud (he speeirK*- 
gravity determination to he a gixait aid. Of tu)nrs(‘, ii:s imporliuuu' is 
limited. Like the ehemieal analysis, it givt's d(dini(t^ a.id only io a 
limited, degree. 01iemi(ail analysis will not show ilu* d(‘gr(‘e of burning 
nor the (ionrpoTindB that exist in a eeimmi; ami die sjHHdlii^ gnt,vily will 
not always disclose adulteration or umlerlmrning. llowin'er, hofh 
tests give valuable aid in tracing causes of deleids whitdi l)y oiber tesis 
have been found to exivst. For inslancug it was tiu^ rt‘laiion h<‘iwi>en (he 
specific gravity^ the tensile strciigtb. and. the wdtlng lime of (he eemeid. 
recorded in diagrams 1 aiul wdiich. gave us (bc^ drsi, dm* to Lln^ eaust‘ 
producing the variations wliich prevailed ilironghoiit ihese (esfs ami 
which led ns more fully to investigate tln^ (drects of aiiralion on liigb 
alumina cements. Now that wo umhuvstand tln^ mdmre of (Ids oduonh 
the speci.fic-graviiy deterjnination alone tmabh'S us to predict very a-ts 
ciuutcly wliat the results of the other tests will Im ami (o suggt^si how 
the cement may bo improved, ^ 

Failure to pass tlic soundness tests tnay be dm? to two causes exeess 

of lime or underbuniijig. ITnsoiuulness in eonjuneiJon with hnv sjaandie 
gravity proves that underburning alone is the vmmo of the warping am! 
disintegrating, 

' Gemerits may attain a low speedk^ gravity as n result, of prtdongerl 
: soasoning. If this' benefits tho' cerntmG well and giaxj; l)tit JF it Jnjurts 

tben the material should not, be, allowed i.(> season, or, if w*arto,ai,ng bus 
' already '"developed dangerous properties, it Bliould be rejhadcMl ''rim 
spoeifle gravity, before and after ignition, will indicate to what exbml 
se^Whing has ellectod a well-buinuxl cemoni, and a recx)rd of (‘om- 
^ pared with the corresponding specific gravities will slunv the (iimlity of 
'the cement dcwGloped by tho absorption of various amounts of walcr ami 
carbonic acid. 
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propcu’iicfi, clieiiiical examination will iiBiially show that it has not the 
proper '^‘^hyilraiilie index.'' 

IJnderlnirnod (xanents usually have a very low specific gravity^ because 
they al)Sorl) water and. carbon dioxide more rapidly than well-bnrned 
cenumts ami beeauvse ad the earl)onic acid may not be driven off during 
the Iniruing of tlie raw material. The compounds formed by imderbiiTn- 
ing are not as stable as those of a well-burned cement and hence are 
more readily iirlliiencecl Ijy atmospheric conditions. 

'Undeih liming is readily detected by the soundness test provided the 
cement is ‘‘'Afresh;''’ but seasoning often eliminates the iinsonndness and 
tliei’ofore renders this test of no value for its detection. We must tlien 
depend npon the specific gravity, loss on ignition, color, and other tests 
to disclose the fact. A higli loss on ignition is not characteristic of the 
l)est brand of Portland cement, even after prolonged storage. 

R. & W. Fresenius coiiHidor ‘‘that the limiting’ value of the loss on ignition 
of good Portland cement should not exceed 3.4 per eent.^' 

The following table illustrates this contention: 



Cement A, 

Cement B. 

Cement C. 

Conditions'. 

Specific 

gravity. 

Loss on 
ignition. 

Specific 

gravity. 

Loas on 
ignition. 

Specific 

gravity. 

Loss on 
ignition. 

Not quite fritted 

2,1)2 

3.5y 

3.04 

1.47 

2.92 

5.39 

Slightly friUPfV 

3.105 

0. 66 

3. 15 

0.59 

Strongly fritted 

3.115 

. 0.27 

3.18 

0.19 

3.00 

2.36 

Very strongly frittod __ . . 

3. 19 

0.24 

Cvorbnrnod , 

3.05 

0.65 

3.05 i 

0.28 





Sabin remarks ^‘that the determination of water and CO 2 may give some idea 
of the deterioraticni of a cement on storage. M. Caiicllot con.siders that in the case 
of Portland cemcmt a loss on ignition (water and CO^) exceeding 3 per cent indi- 
cates that the cement has undergone Bullicient alteration appreciably to diminish 
its strength. Spalding^ afiinns that “if the quantity of (Xb be large, it indicates 
tdthor tliat the burning has been incomplete or that the lime has become car- 
bonated by subsequent exposure. The energy of the lime is thus diminished, the 
portion of lime in combination with 00^ being inert.’’ 

While we, have not enough data to cover every instance and to formulate 
this as a general rule^ it has been our experience that the absorption of 
carbonic acid and .water decreases the tensile strength of every" sound 

“Mo. Ohom. Industry (1804), 13, 252. Zisohr. Anal. Ohem. (1893), 32, 43.3, 
446., ■, ■ ‘ 

* Sabin, liouis Carlton : 34, , V. :-. ' . : . 
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Portland cement, oven though it does not develop quick-sotting properties 
by this exposure. Table XXIV gives a typical example : 

Taiile XXIV . — Januanj 22, 1007 — mofUir, 1 to 3. 


[Specific gravity, o.ll.] 





Nuiiiher 


7-day. 

28-da.y. 

of bri- 
quettes 
broki'ii. 

Average 

171 

227 

12 

Highest 

195 

251) 

12 


This same cement stored in coarse canvas cloth bags^, twenty (hxjs and 
three months longer^ gave the following results: 


[Specific gravity, 3.03 after 3 months.] 



7-day. 

28-day. 

Number 
of bri- 
quettes 
broken. 

After 20 days: 




aA Average .,-1 

147 

212 

.12 

Highest ' 

1(55 

230 

12 

After 3 months: 1 




Average 

135 

200 

l(i 

Highest 

14(1 

211 

1<5 


■ From the nature of things this loss in tensile strength is not clilHeult 
to explain. .It is generally understood that all cements ai‘o improved by 
storage^ bnt it has been proved that this is only true of those cements 
which are either too liigh in lime or underburned. Aeration renders 
part of the excess or free lime inert because of the formation of: the 
carbonate of calcium and also slakes some of it 1)y the absorption oi! 
water. Tims, the cause of xmsoundnfiss is removed in time, and the 
cement is gradually improved in this respect. But ‘^The higher in lime 
a cement is the greater its strength is known to be if tlmrouglily 
bnmed;”'^^ and ‘^The maximum of lim.e is usually controlled by tho 
soundness tests/" Therefore, if a cement is sound it does not contain 


excess or free lime and the carbonization of the lime in a sound cement 
should reduce its tensile strength, as it lowers the percentage of emUve 
lime, the carbonate of calcium Being inert. , 

With all due respect for the great value of Headers work, we take 
, e?s:ception te a portion of , Mr assertion's relative to the specific gravity. 
' A ' X/' ' ' ' ‘ r 1 : x' ' ^ 
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Among otlicT cone] unions lie states "Nluit low ^peeiiie gravitT is usual] v 
caused by seasoning of tlie cement or of the clinker^ either of wliieii 
improves the product. * * Underbiirned cement is readily and 

promptly detected by the soundness tests and no others are needed for 
this purpose. **' * That the requirements of specific gravity should 

be omitted. 

Underbimiing is readily detected by the soundness, test, only when 
the cement is fresh. Seasoning of underbiirned cement may eliminate 
the causes of its unsoiindness. Meade himself states in this same refer- 
ence that an underbiirned cement which, when freshly made, failed to 
stand a 5-liour steam test without complete disintegration, after one 
montlrs seasoning stood 5-hoiir steam and lioiliug tests perfectly. The 
greater part of the cement received at this laboratory for commercial 
testing has been seasoned for a greater or less length of time, therefore 
the soundness tests are not lialde to detect imderbnrning in most instances. 

Cement raw material, high in alumina, fuses so readily that it is 
difficult to control its burning, and as a result almost all high ahiinina 
cements vary considerably. It is also very dififieiilt to detect the relative 
degrees of burning which the commercial, liigli-alimiina cements have 
undergone and it is only possible to do so by taking into consideration 
many of the physical properties of the material. It has been observed 
that a brown shade/'- a low specific gravity/^"' a high loss on ignition, 
tlie presence of blotches l)etwemi the soundness pat and the glass plate, 
a high, insoluble residue and a generally erratic behavior of a cement, 
exist simnltaneonsly with a relative increase in the rate of carbonic acid 
and water absorption. These are all regarded, as signs of imderbuniing, 
and a study of all of them gives the only indications of the relative 
degree of burning of seasoned, high-aliunina cements that we have been 
able" to recognize. 

Meade’s statement that seasoning of the clinker improves a cement is 
also open to discussion. Some cements are improved by this procedure, 
but many others are not. Instances are on record where seasoning 
induced quick setting and low tensile strength, even when calcium 
sulphate was present. Meade admits ‘^That cements should contain at 
least 2,5 times as much silica as alumina. Gements^ containing less than 
this amount of silica are apt to be quick setting, or else to become quick 
setting on exposure to air/' 

It is hardly, necessary 'to state that we &o not think that the require- 
ments of specific gravity .should, be omitted from specifications. This 

' 6,, 1^., , ' ■ ' ' _ y 

; 'lonis Carlton: JWdl, ;p./' 

y-y y /y'V' " ’^Taylor land-' Tktej^n: lOl-lOTi ' 
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test is of great value under certain conditions. Every good Portland 
cement will meet its requirements before or after ignitioig and tliereforc^ 
its determination imposes no on Just or j^artial test. 

Determination of tlie specific gravih' will be valne](?ss unless the efteeis 
of aeration are guarded against^ as the exposure of ilic small (iiiantity 
of cement iieecssaiy for tills test enables the action ot the atmosphere 
to alter its composition very miicli in a short time and so to reduces its 
specific gravity accordingly. 

it is the ] 3 raetiee of this laboratory to take tlic cement for tlie Siiecihc 
gravity determination from the samjde at tlio same time tliat the material 
for the other tests is taken. It is tlien dried at 110'^ for thirty minutes 
and immediately put into small^ glass bottles wbieli are tightly eoidced 
until tlie cement has cooled ; it is only used after tliis procedure. 

The difference between the speeilic gwavities before and after ignition 
indicates the amount of \olatile constituents present in the cement, but 
when it is desired to know only tlie amoimt of carbonic acid and combined 
water which has been absorbed^ the, loss on ignition affoi’ds a much 
simpler and a more accurate test. 

OLI1VLA.TIO INJFLIJENCES. 

Locals tropical, climatic conditions must necessarily have an influence 
upon cement and cement testing. In the tropics, all work is done 
practically in the open air, being protected only from the direct rays of 
the sun. The climatic conditions under which cement tests, or commercial 
work are undertaken coincide very closely with the meteorologie obser- 
vations which are given in the following table for the year : 


Table NXVI . — Nummary of meteorologie ohservations taken at Mcmilay P. 
situated on the loest coast of the Island of Luzon. 






Temperature. 



Mean 

Aver- 

Aver- 

ag(^ 

Moan 
cloud- 
inoHS. , 


Month. 

f"' 








relative 

humid- 

ago 

rain- 

num- 
ber of 



Mean. 

Maximum. 

Minimum. 

1t.y. 

fall. 

rainy 










dayH. 




®c. 

°F. 



°c. 


Per et. 

In, 


Per d. 


'Jaihiari 


77 

83.9 

93 

16.7 

62 

78 

1.39 

5 

4.6 




7 $ 

85.6 

96 

36.1 

61 

, 74 

,41 

3 

3.8 


March 

26,, 6 

80 

85.6 

96 

17.2 

''(53 

72 

.74 

3 

3.8 


Anril — — 

26 ,$ 

■ , 88 

' 87.2 

m 

18 : 9 : 

66 

71 

1.14 

4 

3 . 5 ' 



26.8 

27 . 8 , 

83 

S 7.8 

100 

21.7 

71 

77 

4.20 

9 

5. 1 

6.8 



82 

86 , 1 ' 

97 

21.7 

71 

82 

9.62 

16 


^ 27.2 
‘ 27.2 

81 

‘35, 

95 

21,1 

70 

85 

14.57 

21 

7.5 

f ' 


d" Pt 

, *814 

94 

20.6 

69 

84 

' 13. 87 

20 

7.5 

1 1, 


26.6 

, 26.6 

SO 

84.4 

94 

. 

d ‘sini 

70 
' d69 

86 

83 

.' 14,93 
7.54 

' , 20 ' 

16 ^ 

7.4 

6.1 

pi 



' d 7^ * 



' 18.;^ 1 


m 

5.18 

' , m2 '1 

5 . 8 ' 

ia 

! 

1 

, , te; 



dd 92:, 

• 'j, jyL' 



L - 81 j 

2.18 

s] 

, 5.6 

rSf 

“ 'I 

M 


the year. Dinfiug the spring 
modmed hy the 
(Teusonalljay^eheln Trop^ 
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1 'i '( 

All tile require ] 0 outs of standard American eeanent speeifieatioris are 
based upon cement action enaracteristie of a colder cliinate. It would 
be possible, of course, to maiiipulate tlie cement testing itself in tropical 
countries at tlie temperature limits specified in Aiiierieaii standards; 
blit this could only be done at great inconvenience ami at a large expense 
and fiirtliermore it would not be pi'actical, as the I'esolts of tests so 
conducted would not be true criteria of tlie beliaiior and value of the 
cement when used in constniction work. Tlie allowances and require- 
inents due to the effect of tlie relatii'e dilference in temperature between 
teiiiperate and tropical climates slioiild therefore he taken into aecoiiiit 
in local cement specifications. 

During the past year this ia])oratory has recei\'ed a number of letters 
upon this subject from manufacturers, engineei’s, contractors, testers 
and other cement workers. Tlicse either request information or make 
statements regarding the influence of local climatic conditions upon 
various phases of cement action and manipulation. A diversity of opin- 
ion has been expressed in regard to the effect of these influences by 
men familiar with cement work, and probably this is due to the fact 
that Portland cement is a very variable product and therefore Icycal 
conditions which would improve the quality of one brand would injure 
anotlier, and vice versa, and during the past year our endeavor has been 
to secure a sufficient number of results with various brands of cement to 
tlirow some light on the effect produced by this climate on the tests. 

Careful cement testing with due consideration of all conditions is of 
the greatest importance in a country such as this, where much of the 
material comes a long distance by sea, and where the rejection of a 
shipment means a proportionately greater loss to the dealer, owing to 
tlie cost of transportation, and also to the engineer, as construction work 
may he delayed. On the other hand, construction work is very expensive 
in this Archipelago and therefore a rigid interpretation of specifleations 
is necessary to provide against all possibility of the use of dangerous 
cement. 

Contrary to the general beliiff, the difference between local eliiwatic 
conditions and those of the temperate' climates exerts very little influence 
upon the usual standard Portland cement tests 'themselves. Provided 
the cement is of good quality the warmer temperature 'prevailing here 
usually tends to give higher results. , Of course, tlm fineness is not 
affected by it, , and' the^ specific-gravity determination is^ made independ- 
'ently "'of' the surrottndiiig"t6mps0ratiire: 'The ^"accelerated soundness” 
'tests espeeiaily, are benefited, m the' cement "doesynot suffer as great, a 
change' in ''temperatiireyh'and hehc^ etpansion '/and' warping 'is not so 
marked. Climatic conditions improve ihenliataofori'feticifof early ^ tensile 
strength of most cements^ m tie yariatioh' m' 'temperature 'from day' to 
day and fropi honp to MW i$ mfy d the water 

bath is higher than in tein|serature during gaugh^ 



178 


REIBLING AND SALINGER. 


is also higher; these are all factors conducive to the clovelopnieDt ot iiigli 
early strengtli.''’’ Comparative tests of both sand and neat ])ri(|uettc\s 
made and preserved in the cold-storage room (17° to 21° C.) and also 
in the laboratory (26° to 30° C.) gave almost without exception lower 
results^ from 3 to 10 per cenC at the lower temperature. The l)riqucttes 
broke more uniformly when made at the colder tempcratiim. Tlic differ- 
ence between the strength developed under both conditions was always 
slight and within the limits of personal error. 

However^ the relatively high temperature of this climate will seriously 
effect the setting properties of some Portland cements. This is il lust rated 
by Tables XT and XVI (pp. 152 and 153). Portniiatehg the setting 
properties of the majority of cements are only slightly iriiiuenc(3d by this 
difference in temperature (Tables XIV and XVII). It is the experience 
of this laboratory that high alumina cements develop setting (pialiti(3S 
characteristic of class 2 (Tables XV and XVI) ; further experimented 
work is necessary to determine whether this phenomenon holds true only 
with this class. VTieii comparatively fresh^ higii-aliunina cements set 
slowly at both temperatures (Table XIV), additional seasoning renders 
theun slow setting at first at 17° to 21°, but quick setting at 29° to 31°, 
and finally quick setting at botli temperatures. 

Tlie development of quick setting is marked ])y other peculiar chai- 
aeteristics. Vdien the absorption of carbonic acid and combined watt 3 r 
has progressed sufficiently, no practical amount of: water which can be 
added will retard the rapidity of setting or eliminate the early generation 
of nnieh heat, but in the earlier stages of seasoning a variation oC as 
little as 0.5 per cent of water in mixing may produce a most reniarkabhi 
difference in the time of the initial , and final sots. This is sliowri l)y 
the following table: 
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Tile samples were well mixed and screened before testinu': trowel iii;_r was done 
as uniformly as possible for exactly five minutes; the atinovplieric and moist- 
closet exposure was the same in all cases, except that there was a gradual ehange 
in lemperattire from 27° at S a. m. to 29° at 2 p. m. 

After troweling sample F5-1 with 21 per cent of water for about four miniite.s 
it suddenly became liot and dry, crnm]»liug apart. No amount of patting would 
cause the cement to stick togetlier suffciently to form a pat. 

Tile same result was observed on repeating the operation, and a thermometer 
placed in the mass rose 6° in four minutes. However, upon adding 22 per cent of 
water to the same cement no rise in temperature was observed during troweling: 
the resulting paste was sufficiently plastic to be easily molded into a p>at: and 
the needle used for the initial set wlien first applieil, sank about one-eighth of 
an inch. However, five minutes after the pat was placed in the moist-air closet, 
it began to heat and to dry slightly, the initial set taking place in fifteen minutes. 
This experiment was i‘epeated witli similar results. Twenty-three per cent of 
water was then used. The plastic paste, when formed into a pat, acted normally 
in every way and gave a satisfactory setting time. 

The results obtained with sample F5-3 and F5-5 were practically identical. 
In the case of the latter, the excess percentage of water was reduced by 0.5 per 
cent to determine if possible the minimum quantity necessary to eifeet so 
profound a change. 

Two important facts become evident from the above data, namely, tliat 
both tlie plasticity and setting time of a cement, siieli as was being tested, 
are mueli affected after a certain quantity of water has been added by 
the subsequent addition of even very small amoimts of the solvent."’ 

We are not prepared to discuss fnlly these results at the present time, 
but their analogy to the phenomenon of the crystallization of certain 
salts from solution is striking. Many salts have a critical solution 
factor. Under slow evaporation they will remain in solution until a 
certain limiting percentage of the solvent lias been reached, when the 
salt wall crystallize almost instantly, heat being generated during the 
separation. A cement, the setting properties of which are so profoundly 
affected by tbe addition of even small quantities of water, may be said 
to have a critical solution (or Ihydration) point. We would liesitate to 
decide whether such a cement deserves to be approved. If tested accord- 
ing to the United States Army specifications it wmuld fail to pass the 
setting test, but under those of the American Society the normal plasticity 
method will give it sufficient water to cause it to set slowly. 

An engineer in these Islands related an experience illustrating the 
practical importance of this problem. ' ,The mortar, after' mixing, was 
dumped-, into car nnd; transported to^ its destination -by rail in, fiv-e 
minutes. Working with^ large- shipment, of ,tMs cement' no difficulty 
,was experienced fo-r,some time, but .finally- when; pne carload reached its 

This -'same ph-enon5keJic»n is less of' aaci 

Thompson ‘‘Concrete," H^tin and Reinfdired^'*,' ■, It ''will';' be noileed Pdrtianil 
'Aemdut 0 ( without gypsum) to final- ‘.set even in ;tliirty 

minutes with 20 per cent lol ^ wh-tor. BB per mt of wafer t|ie initial set 

took one hpur and thirty mindlesi the final $ei five.'- 'hontSK ; ' ' 
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Llestiiiatioii the cement had set so hard that it was reniox'ed from the car 
with niiicli difiieiilty. He attributed this change to tlie variability 
of tlie cement, but we are inclined to believe that the water added was 
just sufficient to bring the cement to the critical solution or Iiydraiion 
point and that a bucket or so of water less than was usually employed^ 
was used in mixing, and quick setting wvas the result. 

Portland cement is most affected by local climatic conditions before 
and not after it is ganged. High temperature and the alternating humid 
and dry atmosphere are conditions under wliich liyd ration and carbon iza-- 
tion are accelerated. In consequence;, the majority of eommeixdal prod- 
ucts must be especially prepared to withstand tropical climates. Pori.laiul 
cement is very susceptible to changes under these conditions, and it 
is therefore essential to the best practice that eemcait intended foj* use 
in the tropics should develop no dangerous properties ))y the absorption 
of water and carbonic acid in normal quantities. The cement problem 
of tropical countries depends for its solution upon the cliaracterisiics of 
Portland cement; and our efforts have been to determine. what class of 
eeinents are least injiirioiisly affected by exposure and seasoning. 

T\^e believe that high-alumina cements are least efficient for use in 
tropical climates, although they have one laudable feature in that they 
never show the slightest inclination toward warping or disintegrating. 
Air, steam and boiling tests always develop perfect soinidness. This is 
probably due to the fact that aluminous raw material fuses very readily 
at a comparatively low heat. "'Lime burned at a high, heat slakes inueii 
more slowly, and is therefore more likely to be injurious tlian wlum 
buimed at a low temperature.” 


Aluminous cements gain most of their strength very quickly. “The aUiminntxis 
are thought to contribute little to the final strength of the mortar, as they mv, 
not permanent compounds, but are acted upon by various salts with which' iluvy 
are likely to come in contact in the work. .For thi.s rc^aHon tiny are not ada.pied 
for work exposed to the action of air and sea water.”’'*® “The aiurninatc! acts in 
a very energetic manner upon the set, but very little upon the hardening whi<‘h 
is caused by the silicate of lime.”^ Also “from the character of the ailicatcH and 
tlm aliunlnates it is evident that the latter are acted upon more quickly aTid rapidly 
than the silicates, 'and, it is id the _ crystallization of the lime from the aluininah^s' 
that the initial set must he contributed. Subsequent hardening must be due to 
the Iil>eratihn of lime from the silicates.” 


In conformity with these quotations, ,it fias becii our experienco witli 
,. oemenfe;of this nature that the 7- to ^8-day gain is small; that 
sa&fasctory 7-day breaks do not insure satisfactory g8-day strength - 

little gaif: 

f ' ' ' ' ' ' " ' ' ' ' ' ' 
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ill strength takes place after twenty-e^glit days and iiistaiiecs are on 
record where the strength of the briquettes weakened after tliree rnontlis. 
The fifty samples illustrated in diagrams miinbered 1 and 2 show only 
am average gain (seven to twenty-eight days) by the testers^, of 1G.45 
per cent for neat and 48.9 per cent for sand briquettes^ whereas the 
increase desired by the Army specifications is at least *20 and 51 per 
cent^ respectively (Table I). *'T’*ement giting high early strength is to 
be relied upon only in so far as it has been shown by experience that it 
is eapalile of maintaining sneli stroiigtli.'' 

The fact that the early strength of this class of cement can not always 
be relied upon is probably due to its iioniiniformity in burning. Owing 
to the fusibility of the calcium alnminate^ which causes balling-iip and 
sticking togethei* in the hot zone of the kiln/^ thus preventing uniform 
burning, cements high in alumina are apt to be very erratic in the 
stability of their compounds. As a result the rapidity with which they 
unite with water and carbonic acid when exposed to the atmosphere 
varies. The relative rapidih" of the absorption of carbon dioxide and 
water by cements under similar conditions would therefore indicate the 
relative degi*ee of low burning. 

The most important characteristic of a high-alumina eemeiit and the 
one that needs the most consideration is its susceptibility to become quick 
setting by exposure to the air. It has been our universal experience 
that Portland cements of this class containing more than 8.5 per cent of 
alumina always gave 'satisfactory results if they are tested before they 
have combined with more than 2 per cent of water and carbonic acid; 
and that when they had combined with more than 3 per cent of volatile 
constituents they failed to meet the setting and tensile stiTngth require- 
ments. 

It would seem as if there is something radically wong with a cement 
that will not withstand atmospheric exposure to such a slight extent 
without developing dangerous properties, and such a cement should be 
rejected for use, especially in this climate. A typical example, sample 
Mo. S' as recorded in Tables VII and YIII, will suffice to illustrate this. 

It is difficult perhaps to realize why such a slight difference in volatile 
constituents should so change the quality of U'Ceinent^'and that the same 
, cement which at first set in one' hour' and ThWy: |miflutes.(Io8S;nn igni- 
tioti=^2.fi3" per cent) shouid, after a' little ;moye aeration ' develop such 
Aapid:netting properties^' and.^tTti' "Pb® ondgnY, 
:tifm,=^S.91per.(3e^ y, ; i ; y,' . 

The combination of Poiilantf ,ceniTOt ^wiih water and carbonic acid 
absorbed frmh thO': air^ r^resented for 'afl^^pnrpoW'nf dtsmmsion by the 
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cjiiantity of water necessary to slake the lime^ if all were pi*cseiit as 
ealeiiim oxide, and to combine witli tlie slaked lime to form ealeium 
carbonate, regardless of any iiiterniecliate reaction on otlicr eoinpoumls 
wliieli might be present. Tin's change can therefore be rep resen tc'd d)y 
the following equations : 

Ca04-H,0=Ca(0H)2 

Ca(OH),+cb,=:CaCO,+ri.O 

or, 

CaO+CO,=OaCO. 

and therefore, 1 part by weight of water will unite with 3.1 parts of lime 
to form 4.1 parts of slaked lime, and one part of carbon dioxide will 
unite with 1.5 parts of lime to form 2.27 parts of calcium earbonaim 
From the above equations it is very apparent how an otherwise un- 
sound cement is improved by the absorption of 3 or 4 per cent of water 
and carbonic acid. Excess of free lime causes the unsoundiiess and the 
more of this lime which is slaked oj* rendered inert before gauging the 
cement, the sounder the resulting product will be. The calcium silicates 
being much more stable compounds than the calcium alurninates, the 
latter would be acted upon hrst by climatic influences. Tlie addition 
of lime or slaked lime to a cement retards the setting, and from tlie 
nature of the reaction, quieklime would retard the setting more tlian 
slaked lime. The natural tendency then of tlie lime is to off-set tlic^ 
quick setting properties of the alurninates. Other conditions being tlie 
same, anything which tends to reduce the activity of the lime in a slow- 
setting, sound cement, will increase the rate of its setting. TIic ignited 
cement of sample hfo. 8 had the following composition : 


Silica (SiOd 

Per cent. 
20.5 

Alumina (AlsjOa) 

8.0 

oxide (FeaOg) 

2.8 


65.4 

, if . ■( MgO ) 

2.3 


■ ■ , 0y4 


Table YIII shows that the cement from tlie bag had alisorbod 0.50 jKo* 
cent more carbonic acid and 0.79 per cent more combined waloi* i.han 
that in the can. It therefore contained (equation 3) 1.13 more ineri 
ealeium carbonate and 3.24 per mit (equation 1) mom slaked lime; 
or 0.75 per cent (equation 3) of the lime present in the raw material 
had^ been rendered inert, and 2.45 per cent had been slaked by the 
additional absorption of combined water and carbonic acid by the Barno 
cement stored in the bag. 

; the linae ia combination, wth silica, must be left out of tJiis considei-a- 
tibn as; % silmates of ealeium exert/ practically , no infliioueo upon the 
#jtial;Settiag,,propmti6s-of tlie cement. The entire loss in active lime 
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affected the eijiiilibriiim iiiaintamed in the eaiiy setting properties by the 
opposing forces of the aluniinates and the lime nor in coiBl)iiiatioii with 
silica. Tlierefore. a loss in the activity of this lime repre.-eiitiiig O.hi per 
cent of the total cement of sample nimiher 8 affects this epiiililiriiim to a 
degree many times greater than if the silicates would need to Ije taken 
into consideration. 


Synthetic experiments also show this same phenomenon. “If niiicli more than 
10 per cent alumina, is present the cement is almost sure to be quick settiim 
even with the addition of sulx:>hates.'' “IVhen cement treated with sulphate of 
lime has regained quick set. it may again be made slow set by addition o! a 
small quantity of lime."' 


Our belief that this cement is not of good quality is also supported ])y 
uuiversal experience. We have already stated that this class of cements 
gives satisfactory tests when the samples are comparatively fresh, but fails 
to do so after seasoning. It will be noted that the percentage of alumina 
and silica in sample number 8 satisiies the limits of E. K. ileade's formula 
for '■'“'freshly made American Portland cements which pass standard spec- 
ifications for soundness, setting time, and tensile strengtli,’’ namely : 



Per cent. 

Silica 

20~2I 

Alumina 


Iron oxide 

2- 4 

Lime 

60-63,5 

Sulpiiur trioxide 

1- 2 


llowcveib they do not fall within the limits of he Chatelier’s formula 
for ''“'the limits of the amount of material usually present in good com- 
mercial (therefore seasoned) Portland cenienu'^" that is: 


Silica 

Per cent. 
21,0-24 

Alumina 

,6-8 

Iron oxide 

2-4 

Lime 

. 60 -65 

Magnesia ' 

0.5- 2 

Sulphur trioxide 

0,5- 1.5 

Water and . carbonic acid 

1-3 


'The percentage of' sulphur trioxide is also lower Ahffi, 'that given by 
both'.authorsg and the loss on' ignition is greater teh'that given by the 
fbnhula vdiich. considers it- , ■. b;',v :'v:; .y 


''' Furthermore, Meade state that 2,5 

times as much' silm aSvafamte.. • Cements containing leas than this 
amount axe apt to be aelfeig or ,etee to become quick setting;. on 
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exposure to air.’' Sample number 8 contained 2.38 times as miieli silica 
as alumina^ and its actions supports Meade’s conclusion. 

Cements wliieh contain less alumina and more silica than sample 
number 8 withstand exposure much l)etter. All of the fixe different 
cements recorded in Table XXYI below^ failed in setting time and 
tensile strength when their seasoning had progressed as indicated by 
the ‘doss on ignition” column. However, number 5 withstood aeration 
the best. It was only after it had stood exposed to the air for a very 
long time and had united with 6.36 per cent of water and carbonic acid 
that it failed. 

Table XXVI, 


CoBstitnent. 

Cement 1 . 

Cement 2, 

Cement 3. 

Cement!. 

Cement 5. 

Cement 5, 
ignited. 


Per cent 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Silica (SiO.) 

20.65 

20.70 

22.0 

20.52 

21. 28 

22.9 

Alumina (AROa) — 

8.57 

8.42 

8.9 

8. 71 

0. 95 

7.5 

Iron oxide (FeoOa) 

8.07 

3.01 

3.0 

2. 05 

2. 29 

2.5 

Lime (CaO) 

61.88 

61,60 

59.9 

61.80 

01. 08 

05. 7 

Magnesia (MgO) — 

2.26 

1.94 

1.55 

1.90 

0.21 

0.2 

Moisture (UO®)— ! 

0.41 

0.34 


0.88 

0. 72 


Loss OB ignition (water and 

2.47 

2,76 

5.3 

4.33 

6.80 


carbonic acid). 







j Sulpburie acid (SO 3 ) ; 

0.51 

0.59 


0.46 

1. 17 

1.26 

1 Carlx>mc acid (COo)__^-_ 

0.78 

0.43 


3. 04 

4.36 








'Seven and 28 day mortar briquettes (1 to 3), as the seasoning of the 
cement progressed, gave the following tests of tensile strength : 


T-day. 

28-day. 

Loss on 
ignition. 



Per cent. 

286' 

320 

2.97 

' . , 187', 

247 

4.53 

172 

'■', 21 l„, 

6.36',' 


Contrary to this behavior, number 4 gave tlie worst reRults and a vci-y 
plastic paste made from it set in fifteen minutes with a rise in tempoi-atiuT! 
from 29° to 38°. 5 C. Cements numbered 1 and 2 showed oiily 2.'1-T 
and 2.16 per cent loss on ignition respectively and yet they were tRiicdc 
setting. ' ' ' 

By further investig-ations of this nature we hope to jn-ovo wliat brands 
of Portland cement in particular are best suited to withstand trordcal 
climatic influences best. At present we feel justified in drawin^r the 
following; conclusions as being conrlucive to the best results and practice 
for aU cement operations in this and similar regions. 
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CONCLUSIONS. 

1. believe tliat the composition of Portland eeinent best adapted 
for use in tropical eliiiiate should be within the f ollowing limits : 


Silica 

Per cent, 
22 -24 

xilumiiia 

5-7 

Lime 

02 -05 

Magnesia 

0.0- 4 

Sulphur trioxide 

1.0- 2 

Water and carbonic acid 

0.5” 3 


2 . "^^Sonndness” in accelerated tests deserve special attention herCy 
because of the prevailing high temperature. Perfect soundness is espe- 
cially important for concrete works which are exposed to the intense 
heat of a tropical sun. 

3. ^•Underburning’^ is fatal to the efficienej^ of Portland cement to be 
used in the Tropics, as the unstable eompoimds so formed are most easily 
attacked and decomposed by the energetic atmospheric influences. 

4. All ^%ound^^' cements should be protected from additional aeration 
as much as is practicable, as otiierwise quick setting or low tensile 
strength is liable to be developed. 

5. Sound and well-burned cements, high in silica and low in alumina, 
will withstand climatic influences best both before and after gauging. 

6. High alumina cements give fairly satisfactory results if they are 
used before they develop quick setting. Quick setting is sure to develop 
in such cements if they are exposed to the air for any considerable length 
of time. 

7. Samples sent to the testing laboratory should be preserved in pack- 
ages which thoroughly protect the cement from the atmosphere. No 
accurate results consistent with the quality of the cement as it exists in 
the barrel at the time of sampling will otherwise be possible. Setting 
tests made at the laboratory before and after exposure should be insisted 
upon, and if quick setting develops by this additional seasoning the 
cement should be rejected. 

This work will be continued and our effort will be to secure samples of 
as many grades of cement as is possible, in order more thoroughly to test 
the soundness of these conclusions. * 
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PERIDlNiU^l. 

For a 11 limber of yeavf^ the Bureau of Health lias receiveil many com- 
plaints fi‘0111 the residents, of Bataan Province to the effect that the 
diinipings from the sanitary Ijarge Phdo caused a great mortality among 
the fish along the shores of that province. An investigation into the 
matter, eoiidiieted by Deputy C^olllnlissioller H. H. Smith of the United 
States Fish Commission steamer Albatross, proved tliat the mortality 
among fisli is in no ivay connected witli the Phdo but is due to visitations 
of Peridiniiim in Manila Bay. Tlie following is taken from a report on 
tliis subject by Dr. Smith: 

There have been at least three visitations of Peridinimi in Manila 
Bay during the current 3’ear, a noteworthy one oeeurring in the latter 
part of January. The discoloration of the water at that time was ob- 
served about the . 23 d of the month, and increased in intensity until the 
26 th or 27 til, after which it rajiidly diminished and practically disap- 
peared from the head of the bay by the 31 st. Another visitation was 
observed during the third week in Mardi hut was less extensive than the 
foregoing. 

"\^Tienever PeriJiniiiui has invaded Manila Bay, the water over large 
areas has been made Tuiihid by iiiimite protozoa, and at a distance has 
tlie peculiar pale reddish color characteristic of such invasions. Wlien 
tlie water was viewed over the side of tlie Alhaiross, another color was 
seen; and a very pronounced iron-nist tinge was observed when The 
animals were closely packed. The rusty color was found to be due to 
contained chJorophyl. At times, dense masses of Peridiniiim floated past 
'the Albatross in wavy bands several yards wide and hundreds of feet long. 

During the prevalence of these invasions, the bay is unusually piios- 
plmresceiit, and tests show that the Peridlnlum is the chief cause of the 
liiiiiinosity. A tumblerful of water taken at night alongside the Albatross, 
and found to be thick with the organisms to the exclusion of all other 
creatures, glowed brightly with a bine light when carried to a dark room 
and agitated. ^ ■ 

Whenever, Perkiinium has appeared in jhe bay, there has been a re- 
markable scarcity of utlier forms of animal life., The dense schools' of 
small fish (Atherina'mid others) which are nearly always present in the 

^ surface waters of .the bay, and a.r0 so conspicuous about the wliarves and 

, " ' ' ' ' ' ' ' v' ' ' , ' , , " ' , 187 
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vessels, disappear completely;, and witli them the lai'ger fishes that piey 
thereon. For a mmiher of clays not a living thing of microscopic 
CTiii he seen at the surface of the miter^ and iislneating birds also dis- 
appear. As the amount of Pcriduiiuni diniinishod, the small fishes grad- 
ually reappear in the open waters (coming eitlior from ilie liottoui or 
from places where streams enter the hay and render tlio water unsiiitaJ,)Us 
for tlie protozoan). The gulls and terns also return. Finally, wluui 
the creatures Iiam practically withdrawn, the small fish, roapipcar in 
iirpiiads. 

A snialh salt-water acjiiarinm on tlie Alhaii'oss, eontaJiiing a Jiiiinhoi* ol 
different kinds ol fishes and mollusks from points south of Manila, was 
in a very flonrishing condition when the ship entered the bay one 
inoiiiing several weeks ago, but tlie same night nearly all tlie fishes and 
mollusks were killed, and examination showed myriads of the Perldlnitini 
on the gills, etc. The few fishes that survived were rapidly succumbing, 
until the water supplying tlie aqnarinni was strained ih rough a fine- 
iiieshed bolting cloth, thus eliminating the injurious organisms. Since 
then the fishes have been quite healthy. 

During the prevalence of this pest, the Manila markets contain much 
less fish than normally, and many stalls are entirely vacant. Inquiries 
among the fishermen show that there is a decided falling off in the catch 
and that some dead fish are reported in the baclods. The injury done 
to the fish, lioweA’er, appears to be much less tlian might be exqieidcd, 
the known mortality among aquatic creatures being so small as to afrord 
a noteworthy contrast to the ravages of Pendinmm in America and Japan. 


AN ACCOUNT OF A HUMAN SACRIFICE HELD BY THE 
BAGOBOS, DISTRICT OF DAVAO, MINDANAO, P, L 


, xi geological reemmaissanee of the, Island of Mindanao and the Siilu 
.Group was begun by the division of ininevS of this Bureau in Se|)teml)e.r, 
1907. The scientific work was under the direction of W. D. Smith,; 
the military escoih which was necessary throughout most of tlie work' 
; was commanded by Lieut. Charles S. Cailerj, Second Infantry, IJnitcal 
States Amy. One part of tliis work consisted in an expedition from 
Kotafaato to Davao, a distance of over 200 miles, 90 of which were covered 
;by;aaternwheel boat plying up ihe Eio Grande, or Pulangi, River, from 
hwheve the party Traveled, overland across the,Matutan and Apo Ranges 
to Davao Gulf. This party formed the second expedition of white men 
to make this entire trip. 


, ,, Tiie region west of the divide is, inhabited by Moros, Mohammedan 
tribes in a semipacified etate, and,Manobos and several other pagan groups 
in th^ region on the east of the diyid<3, , SeveraL tribes ■ or 'sub tribes 
f slopes^pf Mount Apo, among which may be 'men- 

wi P ' 1 A b ^ P. 
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tioned the Atas, Giangas^ Bagohos and the Kalagans. Several Amer- 
icans and Si^aiiiards have visited the people around Davao Gulf and have 
studied their ethnology. Tlie Jesuits devoted themselves for many 3"ears 
to missionary work in Mindanao and much of scientiic value was ac- 
compli sliedJjy this learned and able body of men. Mr. Frederick Sa^vyer 
lias gleaned more or less scattered information from their ^detters’' which 
he has included in his book ‘^‘'The Inhabitants of the Philippines/^ ^ in 
which he merely refers to human sacrihees without giving any of the 
details^ and these references are to sacrifices held only among the Giangas 
and Tagakaolos. Elumeiitritt - says even less about the Bagobos^ and 
furthermore, he never saw an}^ of the people of the Plnlippiiies about 
wliom he wrote. No work has yet been carried on among these peoples 
by the division of ethnology of this Bureau and as it may be some time 
before any attempt will be made to study them, I have obtained permis- 
sion from tlie chief of that division to contribute some interesting data 
regarding some of their customs. 

We encountered Bagohos along the route for several days after we 
reached the Matutan Eange and some of them made the trip into Davao 
wdtli us ; when we made the ascent of Mount Apo we spent several nights 
ill their villages and used the people for guides and carriers. The large 
man in the center of the group, shown by Plate I, is Tongkaling, the chief 
of all these people, surrounded by some of his dependents. Tongkaling is 
a headman and wears the badge given him by the authorities of the Moro 
Province. Plate II is a view of the cliiePs Iiouse. Although the Bagobos 
wag'e petty wars among themselves, they have caused little trouble for 
Americans, Indeed, many of those nearer the coast work on the Ameri- 
can plantations and do fairly w-ell. 

The men of this tribe present a better appearance than do the women, 
and in pliysique and features they surpass most of the other natives in the 
Archipelago whom I have seen, and I have seen many of the tribes. It 
is said that, like the ancient Spartans, they strangle at birth all deformed 
children. Tlieir hempen garments are highly decorated with shell orna- 
ments and ivith Italian beads winch they procure from the Chinese. They 
mark witii some sort of design nearly etuuy article they use, as can be 
seen by examining the old ehiePs shield and spear. The men are greatly 
addicted to the practice of tattooing ; the wu“)men are not tattooed to any 
extent, but wear brass rings on their fingers, ears, necks, toes and ankles J 

The agong^ shown in the upper left-hand corner of Plate I, is known 
anePused ,all over the/Mhlay region. I have seen one man play ■on as 
many as, six of, these at a time. ,, Jt is the chief musical instiTnnent/in 

. Sawyer, 'H.: Inliabitaiits' of the Philippines, Charles 'SeribnePs Sons, New 
York '(100'0)/35a. . ■ ' ■ ■ , ' 

-moluB (1882), 42/219-222; mohuB (189T), 71, 19-20. 

® Anyone travelingjn the,Bagolx> country 'will do; well to lay, in a, stock of 
beads, brass' wire , and cheap' Jewelry*; ", 
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disnict?, i> ma<le of brass and is imported f roni Siiigapo.re. Ar/nnj/s 
cost, from 20 to 5u pesos Fliilippino currency each and are tlie mcasin’o 
of a maids wealtli. Fongkaling bad forty of iiujse banging alnml in Ins 
hoiise at tlio time I visited him. In addition to tbo (f(joii(j, the l>agol)()S 
have a rude drion, not essontiaily ditterent {]*oni a.113-" otlu^r drum, a 
bamboo fiddie and a ]*eed flute. The music is exceedingly simple and 
moiiotorions, 

Tlie entire system of living among the Bagobos is leiidalj and shivery 
is practiced among them. The man shown in the extreme loft in Plain I 
is a Bilan, and judging from the treatment received by him at iho hands 
of the Bagobos, it is not hard to believe that he is a slave. Tliese pooph^ 
do most of their traveling on horseback, riding very sturdy little ])()ni(is, 
usually adorned with bells which they buy from llio (hiiiiese and which 
they also use to decorate their clothing and poiiclies. The Ptigobos 
have been aptly termed ''‘hoj’se Indian s."' 

It is not my intention to present here a eomplcdo account of tliis 
interesting people, as I liave had neither the time to study them uoi* 
the necessary training as an ethnologist to enable me to do so. Howtnm*, 
I wish to give some interesting information which I obtained froui 
Governor Allen "Walkeig of the district of Davao, relating to a most 
interesting tribal religious custom. The special event wliich 1 am aiioni 
to relate took j>laee the week before we arrived in the town of Digos, but 
liefore presenting this account it may ho well to give a few cxiiaieis from' 
the Jesuit letters bearing on this religious custom. 

Mr. Christie, of the division of ethnology of this Bureau, in seattdriiig 
through the letters written by the Jesuit uussionaries in Mindanao, found 
references to human sacrifices. These references are in leti.ers daied in 
the years IS80 and 1880. Tliey liave not been tjopied varhaMm-, luit 
synopses ai'e given. Tlie first letter, that of Father Gisbeid to ilio FalJior 
Superior, dated Davao, April 2, 1885, says, in substance: 

The Bagobos have been uoakhig more hiimaii saerK’jces, notwitlisijuiitling iludr 
promises to the contrary and the vigilance of the writer. A slave girl from Clmit 
mission, named Facial, was 'sold amrsaerifieed; also a pagan named ‘Mngmimi. 
^T'aptain iitas” also made a sacrifiee a short time ago. 

The second letter from the same father to the faiJiers and broilicji’s ui 
¥eniela, dated Davao, January 4, 1886, contains the following interest,] ng 
^ information: , , ' , ■ , ■ 

■ , ;,The;;Bagpbos ,lmve tw'oTeasts 'a year, one before planting 'and the other aft€ 3 r 
^iwvesting., ',Thc latter is, innoeent' enough, and is known as the ‘Voimmk feast/’ 
\!4B'gatheir in thediouse of the headpmn'late. in the afternoon,, where th^ey eatTlie 
,Iiest ,to be had and' drink' ,a' beverage, of "lerinented' 'sugar-cane juice. They also 
, have tab singing and 'daiicmg, and , the party usually Iweaks up 

about momtug ■ ■ ■ ,, , 

The other feast is quite different, ■ and"' though .eomie' in 'some 'Of .its details, 

in its priii,eip®i.l part, tragic, crihautal, and 'disgusting, The, 'tragic part comes 
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first; the people gather in some dense forest, taking all necessary preciuitions 
that the authorities and missionaries learn nothing ot their dt)ings or wliere- 
ahouts. They take their victim, usually a slave, and tie him scciirelv. Then, 
knives in liand they dance around him liacking him iiiitii he is dL‘ad. During 
tiiis operation they shriek like maniacs, provided they are not too close to a 
( hiristian settlement, or otherwise likely to be discovered. If they think they are in 
clanger ot discovery they gag their victim, refraining from ail noise. Then they 
retire to the headinaihs house, carrying branches in their hands which they later 
place ill a big joint of bamboo. This is the altar and is the only thing approaching 
an ornament about the place. Here they eat, drink, dance and play iiinocentlv 
enough. At this point an old man, usualiv the headman, assumes the principal 
i>art. He sits by the altar, takes a glass of tlieir wine in Tiis hand, and, in 
company with his companions, addresses the '-great devil,'’ whose feast they are 
all celebrating, as follows: 

‘■‘Darag'o, we celebrate this feast in your honor both willingly and joymiiy, 
and we ofler you tlie blood of the victim, together with this wine which we 
drink, so that you may he our friend and accompany us and assist us in our 
Avars.’’ 

This being said, they recite a form of litany in AA’hicli all the most noted 
Daragos known to them are mentioned, the whole assembly reciting these names 
in unison. 

The Bagobos belieA^e in a future state, and hold that each person has two souls, 
God, or Fiquiama, is very good, they say, and he made all things, although it is 
true that he Avas assisted by some minor gods Avho are subject to liis order. 
These minor gods are Mamalc, avIio made the earth; Macacoret, avIio made the air; 
Damacolon, aaTio made the mountain; and Macaponguis, Avho made the AAaiters. 
One of the two of each indmduaFs souls goes to hell and the other to heaven; 
for they belicA’-e that the devil has to do with them in the next AA’orld as well 
as ill this, and they give him about equal riglits with God. They bold that the 
devil is A^ery bad, likes blood, and is the cause of all disorder. Thus, they forget 
good and in all things serA-e and adore the deAul. When a couple of rank marry, 
there is a human sacritice to keep away sickness, etc., all of Avhieh calamities are 
attributed to the devil. When a contagions disease makes its appearance, or Avhen 
there is fear of approaching death, a great gathering is held for the purpose of 
arranging a Iminan sacritice and praying to the devil to let them liA'e in con- 
sideration of this generous olTering. 

Aecordiug to Bagobo customs, the proper time for a sacrifice is AAdien a 
member of a family dies, and before the termination of the "Lalaoan” or moiiTiiing. 
At such a time^ a sacrifice is announced much in the same Avay as Christians 
would proclaim a feast day or a pilgrimage. At the^ appointed time all assemble 
ill a place agreed upon, or at least one person from each family in niouniing. 
Their numbers frequently reach 'fifty or more persons. There is then an assess^ 
ment to cover the purchase price Of a slave' and he who pays the largest part is 
ailoAved to strike the first bloAV. Usually the Afietim cries out AAdfile he, can and 
begs for mercy, 'but Ms voice is, lost' in the shrieking of "Jus assassins Avho make 
one of t'he most horrible uproars imaginable. As has been said, when a sacrifice 
is made near a (Christian community there is no shouting and tlic victim is gagged. 

Tlie tliird letter from Fa,theT ' Gisbert^ iQ ijie fathers brothers at 
‘Veruela^ dated Davao^ Febrimiy 8, 1886^ eoniiniiesjiii account' of Bagobo 
customs : ' , , 

, How 'Aid the'' 'writer mf, the foregoing .letter, acquire so exact a knowledge of 
Bagobo 'custom,? ' 'True, he, did' 'not' witness a Immm sacrifice j but, the account 
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gireii Ity liiiiLi in the preceding letter was furiiislied by baptized Bagobos and also 
by intended victims tiiat missionaries have rescued. 

The Bagobos are very superstitious, and their customs are frequently very 
Wiien one of tlieiii becomes possessed of an evil impulse (and the 
appearance of a snake in the house, tlie breaking of a pot on the lire, etc., is 
siidleieiit for this) he calls on his Mtdanon to lilierate him from evil through Ids 
great knowledge. Matanon^ the protector of the religion and customs of Ids 
forefathers, makes with his knife a doll in the form of a man; and then addressing 
God, says; *’Uh God, creator of men, trees and all things, do not deprive us 
of life, blit receive in place thereof this piece of wood which has onr form.'' 
This eeremoiiial over, they throw a sack into the water which contains a little rice 
or “'liioFisqnfJa'' (sometimes it contains the wooden doll also), and this is even 
accompanied oecasioiialiy by a cock. In this way the trouble is relieved. When 
they are siek they make offerings to the ''Diuatci'^ on their ‘da'itihora/’ which 
consists of a plate placed on top of a piece of bamboo set upright in the ground. 
On this plate are placed and tobacco, and then they address God, 

saying: “We offer you this, give us health.'’ When they visit the sick tliey 
him! wires around their wrists and ankles to keep the ‘‘UmoeotV’ or soul from 
escaping. And when one dies he must have his ration of rice to cat on the 
way. Upon gathering the harvest of rice or corn, the very first grains obtained 
are offered to the ''Dina fa” and they would not think of selling or otherwise 
using any of the crop for themselves until tlieir field implements have been fed, 
for these have edeaned the field. 

The song, or cry, of the limacon ® is for tlieni the voice of God, and presages 
good or ill according to eireumstances. Thus when the limacon cries out, all 
wlso hear it pause and look around. If, for example, they see a fallen tree, 
the Ihnacon tells them that they should not continue their journey for they 
will meet the same fate as the trees; whereupon they turn back. Should they 
not behold anything that especially augurs ill, then the cry of the limacon htis 
blit assured them of the successful outcome of their journey, and they continue 
on their way. A sneeze is a bad augury, and when an^mne sneezes at the 
beginning of a journey, the journey is postponed until the next day. 

Few thefts are eommitted among Bagobos, for they believe that a thief can 
easily be discovered through their wonderful ^‘honjfat” This consists of two 
small joints of bamboo, containing mysterious powders. He from whom some- 
thing has been stolen and who wishes to find the thief, takes a hen's egg, 
makes a hole in the shell and into this injects some of the mysterious powders 
already referred to and then places the egg in the lire. Should he desire 
the death of the thief, he has only to break the egg. But, as frequently happens, 
the thief may be a relative or a person vei'y dear to the operator; and so oftiai- 
times the egg is not broken in order that a more happy solution may be had; 
for in any case when all methods save breaking the egg have been resorted to, juui 
the latter is done, no matter where the thief may be, he will at once betray him- 
self Uy shouting ^'1 am the thief, I am the thief I” And this is due to The sliarp 
pains he is mkl to feel throughout his body. Once discovered, he can be cured 
by placing 'some of, the powder from the other joint in water and bathing his body 

•'■/^Cooked rice, ' ^ ' ' y . ^ 

composed, of the fruit of the betel-nut palm, locally known as honga 
^'(Arem the fresh leaves, of Piper hetle hinn.^ and ,lime, to which 

tobacco is,' ^meliines, added. ' ' It is extensively chewed by the 'natives, of , India 
and Malajh. \ ^ ' ' U '' ' 

y *A small; thrown pigeon, of the genus, Plmpitror^nd \ ,, ' 
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with it. This practice is very common amoug the pagans and i^Ioros here. A 
coiiA'crted Bagobo, named Anas, gave the vndter u '’hodfi'd,'' the po>sessioii of 
wliidi caused the former to be greatly feared 'svhile he was a pagan. 

Ill a folirtli letter, dated Davary, Jiih' 1886^ the following iiifomia- 
tioii is given : 

The writer cites the ease of one llaglaiidao (not a slave'}, wiso obtahied a pair 
of earrings for wliieli he eouid not pay; wliereiipon he agreed vritii tlie rmiier to 
work out the price, vrhicli was a])oiit 10 pesos. Some days later the otnier of the 
earrings grew angry with him over some trivial matter and sliut iiiin, wounding 
him mortally. The otieiifier was not a Bago]»o, bar luairiiig that th<^ Bagob'js 
were about to make a saerilice, he sold them tiie dying man for fourteen tavmis 
of rice. The purchasers were well pleased witii the bargain, since they seciiredi 
the victim cheap, as was also the other party to the traiisactieai, for be had 
obtained sufficient rice to maintain liiinself for a year. The writer learned of this 
from a Bagobo wlio assisted at tlie sacrifice, and wliom the writer hapti/.i^d later. 
Both pagans and Moros make a business of selling victims to Bagobos. When 
a certain governor of the district of Davao expressed his disgust at this practice, 
a Bagobo replied: ‘Ts it not lawful to spend your money as you wish? Our 
slaves are the same as money to us, and we dispose of them agreeably to our 
pleasure and customs.'*’ The wwiter holds them to be more Isarharous than the 
Ammonites who sacrificed to Saturn; for these made sacrifices only at a certain 
period of the year, while the Bagobos make them continuously." Every ranclieria 
has its feasts in honor of the devil every year. He is known as Busao, llfimla- 
ragan, Durago^ and by many other names. When a feast is to be held in his 
honor, there is a gathering in the honse of the headman wliere all eat, drink. 
sing and dance very gaily; and the only objectionable feature of the occasion 
that one can see is the drunkenness commonly attendant on such occasions. 
They pass around their liquor, inviting one another to drink, and finally calling 
upon the master of the feast for a speech, they drink to the great Darago^ 
promising to follow and honor him always, and like their forefathers, give him 
plent^^^ of human blood to drink to secure his friendship and assistance in their 
wars. The inexperienced observer, wdio does not understand their language, sees 
nothing surprising in this: while he who knows something of the Bagobos will at 
once recognize the proof of the previous day’s sacrifice namely the branches placed 
in the joint of bamboo before which the master of ceremonies invokes the Darago, 
for these tell the story. 

When a contagious disease makes its apjiearance, or when a relative dies, they 
interpret this to mean that the Darago wants more victims, and immediately 
take ’Steps to appease Mm and thereby save themselves from 'death. At the 
moment of sacrificing they say, “Aoaton mo ian dipaiioc ini Manobo, timbac 
dipanoe co, so canac man sapi,” ’which means '^Receive thou the blood of tiiis 
slave as if it were my blood, for I have bought it to offer it to thee.” These 
words, they pronounce while slashing the vietira with their knives. As the great 
devil feeds continuously on human victims, these sacrifices must be numerous. 

The following is taken ,from the Historia d& Mindanao y Jolo, by P. 
Francisco Combes^ S., pages 63 and M: 

The Bagobos, of a pure Indonesian race, are firmly planted on the smaller 
ridges, of the southeast of Apo and .have, therefore, a.s neighbors the Giiiangas, the 

' ; '^This is contradicted . in Governor, Walker’s report. See p. 19d. 
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Alii? and Calagaiies. Moreover, tliev pi-actiec tlie barbarous customs <.)f 

liniiiaii sacrifices, are^bold, warlike and given to drunkenness; almost all of tlieni 
are of fine presence, for they immediately strangle deformed ones at birtli.^ Tliere 
are more than 12,000 of them, of whom in 1887 some 800 had been baptized: 

Moiitcino and Scliacloiiborgg tiDcl the tTesiiit Fuilicrs Gisbeit und Doyle, 
!uive made especial studies 'of the Bagobos. Since the year 1886 ooly 
one x'eport of a sacrihec bas been recorded. It is reihued to, but wiiti 
no details, ])y Sawyer. Every detail of the following story was thoroughly 
iiivestisfated and is Yonelied for by Governor II alker and C aptain 1 lattkti, 
senior Coiistabiilarv inspector of tlie distric't, and I baMi been fiTinished 
signed coj'des of tlieij' j’eports by (general Bliss, govei’uo]* of the Moio 
Province, with. Ids permission to jniblisli tlie farts, iho e\eni was the 
offeriiisr of a Iiiiiiian sacrifiee to the god of evil. The place was Talon 
and the date December 0, 1007. I give Governor Walkerh report almost 
in its entirety, omitting only tlie names of the participants : 

In addition to a pencil report made under date of December 20, 1907, regard- 
ing a luiinan sacrifice made by the Bagobos at Talon near Digos on December 9, 
1007, I have the honor to submit lierewith a full report of an investigation held 
by myself and the senior inspector of C'onstahubrry at Davao. 

We left Davao on the morning of the 27th of Dectmibei* and arrived at Digos 
in the afternoon of the same day. x\n order was immediatedy sent to the Bago- 
Ijus of Talon to come down to Digos to meet us. 

On the morning of the 30th the entire population of Talon, men, women and 
eliildren to the number of almost one hundred and fifty, an*ived at Dig<^s. Thesy 
were informed that it was reported that a Inmian sacrifice had been made, at 
their town and that the authorities desired to kiioAV if it was so. 

Data replied that it -was true that a sacrifice liad been held as stated 

and that both he and his people were ready to tell all about it, as to the Iicst 
of their belief they had committed no crime but had only followed a religious 
custom practiced by themselves and their ancestors from time immhmoriaL 

From the statement made by Datu and his followers, it app(‘ars as 

follows: 

That the Bagobos have several gods/ ^‘BacaJad/^ god of the spirits; '‘Aganmolc 
god of good, and his wife, the goddess ^^Diuala/' ‘‘I/ajidaronpauD the 
god of evil (corresponding perhaps to our devil), and to whom sacrltiec is mad<^ In 
order to appease his wrath, which is shown by misfortune, years of drought or 
evil befalling the tribe or its members; it is at times necessary to offer him 
human sacrifice so that he will allow the spirits of the deceased to rest. They 
say that in ease a Bagobo of rank or infiuenco dies and his widow is unalile to 
secure another husband it is necessary for her to offer sacrifice to appea.se yhe 
'spirit of her ■' departed husband in order that she may 'Secure another. ' In order 
that these sacrifices be not made too frequently It is customary for the old men 
of ,tlie town to. gather once' each year during the time when a certain constellation 
'Of' seven stars^ three 'at a. right angle to the other four, are seen in the heavens 
tO;'the east at 7 'O'clock in the evening this is said to occur once a. year during 

®Tfee fact that the names 'of the Bagobo' gods as here given differ ^ from, those 
in quotatiems given above may be' dub' to a misuBderstanding'of, the 'Interpreter or 
, it may be that Bagobos in diferont localities' have' diJ^erentimmes. for- their gods. 
, ' is. believed by the Tagakaolos',toiiyBji'%.t.hh'..cm^ .of' Apo. . 
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(he iirrit part of llte inoiith oi Dc-coniher. This c ja'.rellailr/!i of stars is 
hy tfie Ijagohos “Ealatie’* aiai is tlio siu’i'i of the sacrihoe: Kiat i*-. if a sacriiire is 
to ueciir, it lake ].iace (jariag :kti pr-rioh th- -lar' an* in this position. 

Tlie ohl men iiieoi and dt^ejih* if eientyh nnnforttuie has j.'Vf'riakeii tiie rrihe or 
village during Ino pf-^riojd slnc(* last r?ac'riri.ee lo mnle;' r.aevsKar'r aiiother 
trilaite to tlie gud of evil. It is nol mee^r^ary to o1d.tr a sacrith‘*e larr eaeli cniL 
but when the iiiisfon lines are ennsiuerabio, a -aeridea- keid: to cover all. 

Ill this case it appears thui two went to Ih.e d:atu iiinl reou?-red ilail 

lie ahniige a sacrifice to appease tlie spirPs their heparted husbanhs pdir» 
were liotheriiig rlieiii. The ilarii called a nieeung of the rdd. loeii: iliere were 
present, besides himscIf. three otljer Eagobo-^. and: tlivsc Tdir hcoTiheCi that a- 
there laid not been a sacrifice since the great <lroiig]it ''abont three years heiorc i , 
and that since that time many evils imJ beiVdlcn it voaiM he well tcj efirn 

a sacrifice. These four nam were sent mir to find a slave for idee the 

iinder becoming the chief of ceremonies. A lieneliman uf tlie datii purchased 
from a Bagobo a Bilan slave lv>y named Sacuin, abont 8 years <)hl, who vms deaf 
and cross-eyed, and who Innl other defects of visio!! making !dm of little or no 
value as a laborer. This !)oy was originally received as a sk“ve from a Bilan as 
a wedding present, when the Bagoic' married tlie Bilaids daughter about a year 
before. 

The lieneliinan of the datn agi'Ccd to pat' five a(:uiiifS for the boy and took 
him to the house of a friend where arrangements were made for tlie sacrifice 
by calling on all who. for any 3'ea.son had need to appease tlie evil spirits, to 
come and take part. Three days after the slave was broiiglit to this house, the 
people met at Talon nean the Iiiolia .River a short distance from the house, this 
being the regular place of sacrifice. Among those present were sixty prominent 
men and ttventy-lwo women of the trilun (The datii whose picture is shown on 
PI. I was there.) 

Being taken from tlie house, the boy Saeiim, was seated on the ground near the 
place of sacrifice. Ido was naked hut no otlier preiairation was made with regard 
to his person. Upon a platform or bench T»f bamboo about 2 feet high and a foot 
or two square wa^s placed a small basket or reeepiacde made of the bark of tlie 
hungd tree, in whicdi each person present and taking part in the sacrifice pisieed 
a piece of, betel nut; over thi.s the men placed their head handkereldefs and over 
the handkerchiefs the women laid strips of the bark of the palwa tree. Upon 
this the men laid tlieir bolos, and spears were then stuck in the ground in a circle 
around the platform. Tsexi, the datn, as chief of the saeriliee, made an oration 
which, was about as folkwvs; 

"‘0 Mandarangan, cdiief of evil spirits and all the othcfr spirits, come to our 
feast and accept our sacrifice. Let tills sacrifice appease your wrath and take 
from ns our misfortunes, granting ns better times.” 

After tliis the boy Sacimi was brought forward, and placed against a small 
tree about C feet high; his hands were tied above his^ head and his body was tied 
to the tree with rattan strips at the waist and knees, A spear was then placed 
at his right side at a point beloTV the right arm and above the margin of the 
rib. This lance w'as grasped by the two widows wlio, at a signal ironi the leader 
of the sacrifice, forced it through the child's body, so that it came out on the 
other side, ' Tlie spear was 'then immediately withdrawn and the body cut in two 
at the waist by bolos in the hands 'Of two Bagobo men, after wfinch tlie body was 
cut down a'lnl .choppeil iniodnts by the 'people present, each of whom was allowed 
to lake a 'small portion ns a memento of the occasion, tlie remainder of^ the body 
being buried' in a hole prepared for fit. ■ 

It is said that the cluid was deaf and almost blind ancUthat he rlhl not realize 
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i\lut to liappeii to him luitil the moment ho "v^as tied, when he began to ci v; 
and luitliormoie, tliat death was almost instantaneous, the only C7> being one 
mtered when the speai first eiiteied his side. 

^ ^ man about 00 years of ago, sa\s that in Ids liie be has attended 
or ofiieiaTed at fifty hiiiimii saeiifices, more or less, botli among tlie ilagobos and 
Bilans, and that human saerifice is also a piactiee among the Tagakaolos, altlioiigli 
ho ha-' iierer been present at one held by that tiihe. Tlie Bagohos <Io not sacnifiee 
any but old and decrepit or useless slaves captured from other tribes, but th(‘ 
Bilans saeiifioe even their own people. Being asked if it uas ciistoniaiy to eat 
any portion of the body s.iciificed, my informant replied that it was not ciistoiimiy 
nor did he know of any case vheie such a thing had oecuiied. 

The last sacrifice previous to thi^ was held at Talon dining the }car of the 
drought (about 190d) when a Bilan slave, an old man who was paralyzed in cue 

arm, was saciificed by Datu , his master. When asked if the sactifice of 

an animal would not do as veil as that of a human being, the> said uo, betien* 
to have no saciifice at all. They appeared utterly unconscious of having com- 
mitted any crime, told their story vith fiankness, said it was a rnattiu* not 
talked about among their ovm people, hut that if we wanted to know the facts 
they would give them to the authorities. They maintained that the olfeiing of 
human sacilllces by their tribe vas an old custom and as far as they knew was 
the onh wa.> to appease the wrath of the evil spirits, but tliey said if they weie 
ordered to give the custom u]3 they would do so even if the devil got them all. 

In \iew of the facts in this ease as brought out in the investigation, it is not 
thought that it is a ease for prosecution before the courts, but ratlmr one for 
religious instruction in so far as it is possible to give it. When it is considcied 
that only a year and a half ago tliese people could not ])e approached by a white 
man without taking to the brush, and that now they will come down out of ih(» 
mountains to meet the officials to discuss a question of this kind, it is evident that 
they have gi’eat confidence in our Government. 

I explained to them that human sacrifices were wrong and would not ho allowed 
by our Government, and furthermore that I could not let them of!', hut would 
VTite and explain everything to the provincial governor, who would decid(‘ what 
was to he done in the ^iremist's. These people have promised me iiiat if 1 would 
assist them to secure a good location near the coast, they would move down from 
the mountains. I have promised them my assistance in the matter and 1 infemd 
to try and get them down to a point near Digos in ihe near future. 

These accoimts differ in minor points, but the essential dctiiils ajfree 
Tery well. I know of no white man who has witnessed this event. Ihu’ 
fact that none of our party learned abont the sacrifice until wo had 
passed through the place where it took place shows how secret the whole 
affair was kept. The native foreman on a near-by American pkntaiion, 
where we stopped for a day or two, was the principal actor in the scene. 

The Bagohos are, on the whole, veiy tractable and well disposed to- 
ward Americans, in spite of this primitire and bloody custom. T lived 
among them for geyeral days and felt not the least anxiely. Good judg- 
hiee# and tact in dealing with them will doubtless enable the provincial 
io-Mpoe them to give up this practice even though they have 
for many years. 

v •" WkEMKT D. Smith. 
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A MONTHLY ILLUSTRATED REVIEW- PRINTED IN ENGLISH AND SPANISH AND 
PUBLISHED BY THE BUREAU OF AGRICULTURE FOR THE 
PHILIPPINE ISLANDS. 


Edited by G. E. NESOM, Director of Agriculture. 

The Philiijpijie Agriculiural Eerie iv, a neitij estabiislieil piibii- 
cation of the Bureau of Agriculture, will take the place of the press 
bulletins heretofore issued by that Bureau. It will not be a tecii- 
nical Journal, ]>ut rather a popular serial publication on general 
agriculture. The primary object of the Eericiv is to furnish an 
educational means of reaclhng the people of the Philippine Islands 
witli the work of the Bureau of Agriculture. 

The first number of the Review is devoted entirely to the an- 
nual report of the Bureau of Agriculture for the past fiscal year. 
This report is so published for the purpose of giving to persons 
interested in Philippine agriculture a comprelieiisive idea of the 
organization, scope, and extent of the work of that Bureau. Suc- 
ceeding numbers will contain reports on agricultural conditions in 
different parts of the Philippine Islands, articles on tropical agri- 
culture, and other material of interest to readers of agricultural 
literature. 

Yoliinie I, beginning January, 1908, will be issued monthl};, and 
will be circulated free of charge in the Philippine Islands. A 
limited miniber of copies will be sent fi*ee to foreign workers along 
agricultural lines in recognition of valuable services rendered the 
Bureau of Agriculture. Should there appear to be a demand for 
re'gular foreign subscriptions, arrangements will be perfected later 
for furnishing them at a reasonable price. 

Persons receiving the Philippine Agricultural Eeview are in- 
vited , to 'Bubmit material for publication. Any reports, .articles, 
or notes nn" agricultural subjects will receive careful consideration 
and, as 'far as 'practicable,, will be pubiisbeci ^ ' ' 

, Applicants Tor should state^ whether', the English or- 

the Spanish ^ edition is desired. ■ ' Address'' 'all '.comiiiunicat ions rela- 
tive ',to. this 'publication to "the' DiiE'CTofe of thk' Bubeae ' of Aobi- 
CULTUR%;,MAmLi, 'P'h'I. „ h' " , ' ' ' ' . 




THE PHILIPPINE 

Journal of Science 

A. General Science 


Yol. Ill SEPTEMBER, 1908 No. 4 


THE TINGGIAN.’ 


By Fay Foopeb Cole. 

{From the Field Museum^ Chicago, and the Bureau of Science, Manila, P. /.) 


INTKODUOTIOX. 

For several years ' the Field Museum of Natural History has been 
desirous of making a thorough investigation of the various Philippine 
peoples: but it was not until 11)06 that money was available for this 
purpose. Through the generosity of Mr. Eobert F. Ciinimings, of Chi- 
cago^, ample funds were provided for a series of investigations to extend 
through four or six years. The first party to begin work under this ap- 
propriation reached the Islands in June,, 1906. and was followed by a 
second in Januar}^ 1901. 

Infiiieneed by the evidences of a highly developed ceremonial life found 
by Mr. Dean C. Worcester, during his visits to Abni, and by the sugges- 
tions of Dr. Paul C. Freer and Dr. Meifon L. Miller, the winter decided 
to make the Tinggian the initial field for work. The studies carried on 
have been along the lines of general ethnology (with special emphasis 
placed on the material culture, social organization, customs, religion, 
mythology, and decorative art), language, and physical anthropology. 

The following article lays no claim to completeness, as the investiga- 
tions are still in progress ; yet it seems advisable, from time to time, to 
publish such material as may be of interest to workers in other fields. 

■^The imme 'Tinggian' is, spelled throngiiotit ,tMs paper' in aceordance with the 
form adopted by the division of , ethnology of the Bureau of Science. In all native 
Philippine words in which the hard sound formerly, represented by -occurs' this 
sound is represented by''‘%/^ ,as in .Tlokos.” ^ 

V 74106 ' ^ , , , , " ,197 ^ ', 
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GEOGRAPHICAL DLSTRIRUTION AND IGJEVTrONS. 

The Tinggian culture group lias its stronghold in the subproviiice oC 
Abra. To the north and Avest, it extends into Ilokos 8ur and Norte as 
far as Kabitta.orain (near Dingras). llauaho, to the south, on the Abra, 
Elver, is the last pure Tiiiggian numieipality ; but Baril, Aintuagan, (la- 
vaiiian, and Liiluno are Tinggian mixed with Igorot from Aga,wa and 
Sagada. Yillayidosa is an Igorot settlement from Sagada and its vicin- 
itj: blit Bnlilising (near yillavieja) is strongly Tinggian. 1 am told 
that Sigay in Amluirayan is largely made up of Tinggian emigrants from 
Abra, and that a few ranch eri as in Lepanto are also much influenced. In 
Ilokos Siir, south of Yigan, the whole non-Christian population is com- 
monly called Tinggian, and the people readily apply the name ^'Ntneg'' 
(the name hy Avhieh the Tinggians distingiii-sh tlieir own people) to 
themselves. A careful survey, however, shows tlxat very fcAv true Ting- 
gian towns exist in that section. A small number are of mixed Tinggian 
and Igorot population, ivhile the balance arc Igorot, somewhat influenced. 
I failed to find any Tinggian towns south of Santa Lucia. North of this 
point are Ballasio, Nag])uquel, Yandrell, Rizal, Mision, M!ambog, and 
Masinget. Towns of mixed population are Kadangla-an, Pila, Ivolong- 
huyan (Sapang), and Montero. The other villages are Igorot colonies 
from Titipan, Sagada, and Fidilisan. 

Along the headwaters of the Saltan River in Balbalasang, Talalan, 
Sesekan, Patildan, and Salegseg, we find a people who in dress and looks 
are much like the Tinggians, and they are generally so classed. These 
people claim a common ancestry with those of Linas, Gakah, Malibkum, 
and the Gobang group who originally came from Bolalay-yo (near Pa- 
tikian). There lias been considerable intermarriage with the Igorots, 
and extensive migration into the Tinggian belt, but very little movement 
from Abra to this section. The Gobang group (including tbe villages of 
Bo-ok, Kapnay, Dewangen, and Kayabong), which is the least influenced 
of any of this region, must, I believe, be classed Avith the Kalinga. It 
seems, then, that here we are dealing with a population made up of 
Tinggians, Igorots, and Kalingas, but that, with the exception of dress, 
the Tinggian influence is insignificant. 

In the extreme northern end of the island, in the vicinity of Eangiii 
and Glayeria, and again along the Apayao Eiver is a people who call 
themselves ^Tshneg/^ and who closely resemble in size^ features, and 
color the people of Abra, Commissioner Worcester first indicated his 
j^elief that these people were wild Tinggians, With a view of gathering 
nmye data, on this point, the writer visited these regions in the early 
mop.ths;of:this,year, : The' material from' Ihis section has not been care- 
fully worked over; but there is; much toiiidicate that these people are of 
common stock Avith the people of Abra, , However, the separation must 
have ten place at a remote period, before the Tinggian received the 
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highly developed ceremonial life v^diieh distinguishes him from liis 
neighbors. Because of the many differences in customs, and the space 
allowed this article, no attempt will be made to deal with the Apayao 
brancli at this time. 

It is difficult to secure reliable information coiieeriiing die Tinggiaiis 
in early and pre-Spanish times : but all the tales of roigraiions tell or 
movements from the coast country far back into the mouiiTains, as die 
pressure of the ‘‘Christians'' was felt. In many cases there was a return 
to the lower valleys from which these people are again Ijeliig slowly 
driven by their Ilokano neighbors. They have no tales f)f an earlier 
home than Luzon ; Imt tlie Apayaos have well-defiiied stories or iiaviiig 
come from the Babuyanes (to the north of Luzon) settling near Pam- 
plona. Abuliig^, IIagilyaB_, and Aparri, and to have reached their present 
home since the advent of the Spaniards. 

The migration into Alira from the vicinity of Sagacle has already 
been noted. xC second, considerable movement took place from Balatok 
to the Ikmin River Yalley, where the emigrants founded the towns of 
Danok, Amti, and Doa-angan. Tue is a settlement direct from Bal- 
balasang: and the towns lower on the BiiMok River have received many 
additions from there, also from Gina-aii and Lubuagan. Ail of the 
villages on the headwaters of the Binongan have received emigrants from 
the Kagayan side: while Agsimao and other towns of the Tineg group 
are largely made up of Kalingas and Apayaos. There is an approximate 
population of twenty thousand in the towns properly classed as Ting- 
gian (Apayao excepted). 

PHYSIQUE, DRESS AXD CUSTOMS. 

The center of the Tinggian belt is reached from Yigaii, in Ilokos Siir, 
by a trip on a raft wdiich takes a day, or on horseback along the Abra 
River. From Bangued as a center, the settlements radiate in all direc- 
tions. To the north and east, tliey extend two and three days'' trips into 
the mountains. A few of the larger municipalities are in the broad 
valley of the Alira or its main tributaries, where with extensive Reids 
and domesticated animals the Tinggian has not only siieeessfiilly com- 
peted with his Ilokano neighbors, but has often surpassed tliem. In 
the mountains, his efforts have been more restricted: but with his ter- 
raced fields lie has managed to bring mucb of the rugged country iiiidiu* 
cultivation. Even the steep mountain ' sides, where irrigation is impos- 
sible, are cleared, burned and pknte<l to corn and mountain rice. 

The rivers contain quantities of small fish, eels, and shrimp, and many 
are the devices' employed for 'their capture. 'By nature the man is a 
hunter; and he' is poor, indeed, who does not own one or more dogs for 
use in the, chase. ' , In the leisure season, following the rice harvest, it is 
a common .sight 'tO; 'Bee ten or a dozen' men with^ their 'spears, ' nets and 
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(logs starting for the nioiintaius, an(:i at nigliii'ail retunhiig witii ilie 
game smnig on hain1)00 poles befoveen them. 

The outdoor life has given the Tinggian almost a perfect pliysi(.:[uc. 
The average man is about 5 feet 4 inches in height. He is neither 
slight nor heavy; but his muscles are full and smooth, giving him the 
appearance of a trained athlete. The woman measures about 4 feet 8 
inches, and like the man, is well and roundly developed. In both sexes, 
one is impressed with the strength of the features. The foreliead is high 
and vaulted, the eyes are wide set and moderately open, the nose, higher 
than that of most Luzon peoples, compares with that of the Chinese, 
although the fiat root and concave ridge is by no means uncommon. The 
skin varies from a light to dark reddish-brown; but here, again, the 
average Tinggians are readily distingnished from the otlier wild tribes 
by their lighter color. The hair is a glossy browii-blaek and is slightly 
wavy. 

The dress of the man is the (Luit and a ])elt in which Ju^. keeps small 
articles, about the waist. On s]3ecial occasions ho wears a long-sleeved 
jacket and in a few eases, trousers. The hair is worn long and, is ]mrled 
straight down the middle; the two strands are twisted, crossed in the 
back, then carried to the forehead where they are again crossed, and the 
ends are fastened by intertwining at each side of the head. A bark 
headband holds the hair in place. Eound hats are commonly worn. 
The woman’s hair is parted in the middle and com])ed straight down 
to the nape of the neck where it is caught by strings of beads; these are 
crossed in the back and encircle the head; the strand of hair is then 
t^^dsted and a loop formed which is cariied to the left side, where it is 
caught under the beads above or near the ear. Strings of beads are 
also worn about the neck; but the typical ornament consists of strands 
above strands of beads reaching from the wrist to the elbow, and if the 
wealth of the owner permits, even covering the upper arm as wcilL The 
strands are fastened tightly above the wrist, ea, using tha.t j.)ortion of 
the arm to swell. Slits of bamboo are xisually placed under the beads 
when they are put on, and these may be removed, relieving the arm, 
if the pain or annoyance of the constriction is too severe. The upper 
arm beads are removed with little difficulty; but those on the forearm 
are taken of! only once in three to five months, when new threads are 
substituted. The woman’s arm is usually tattooed beneath these orna- 
ments; this the Tinggians say is done so that when the beads are removed 
during motirning, her arms may not be white and unsightly. Most of 
ilfo woin0n have their ears pierced, but in the valley towns only a small 
pfoportion wear earrings. In the mouaitain sections^ heavy ornaments 
of gold or copper are worn,^ often drawing the lobe far doxvn on the cheek, 
vvhen at work, the woman Iliscarde all clothing from the upper portion of 
her body, but at other times, she, generally wears a short-sleeved waist. 
A narrow sHrt (din^wa) with colored border extends from the waist to 
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tlie knees : beneath this is a girdle of braided grass or rattan to tidiicli a 
clout is fastened. The women seldom wear hats unless at work in the 
fields, where sunshades large enough to protect the entire body are worn. 
Frequently, a cloth or dingv:a is twisted about the head to protect it 
from the snn. 

Both iiieii and women blacken the teeth with iron salts and taiibark : 
and most of the former have tattoo marks on the thigh, hand, or foieami. 
Ordinarily this is the mark with wMcli the Tiiiggian brands his animals 
so that he may easily prove Ms property. 

The Tinggian has availed himself of the material most easily obtained 
for lionse building. Six or eight small logs planted in the ground, 
form the framework on which the floor supports, sides and beams may 
be tied or fitted. Closely tied bamboo slits form a floor, and halved 
bamboos the sides. On the upper frame the builder puts a large mat of 
coarsely woven bamboo; above tliis is placed cogon grass, bound down 
by bamboo strips, and the building is complete. The floor is 4 or 5 feet 
al)ove the ground and entrance is gained by a bamboo ladder which leads 
up to an uncovered porch built in front of the door. Inside the door, 
at the left, one usually finds the stove (three stones sunk in a box of 
ashes or dirt), or a similar device of clay. Above the fire is suspended 
a hanger on which are placed dishes and food in order that they may not 
be disturbed by insects. Along the wall stand a small caldiun, the jars 
for water and rice and the large Chinese Jars, the latter as a general rule 
heirlooms or marriage gifts. These are sometimes used for basi, but 
more often they contain broken rice, cotton, or small articles. Above the 
jars is a rack or hanger on which dishes or coconut shells are ^placed. At 
the end of the room a cord supports a variety of clothes, blankets, a 
womaMs switch, and perhaps a mates belt. The sleeping mats either 
hang here or occupy a rack of their own. Below the cord stand old boxes, 
secured in early years by trade with the Chinese. In these are the family 
treasures, valuable beads, coins, blankets, ceremonial outfits and so forth- 
Piled on the boxes is a variety of pillows, for no Tinggian house is 
complete without a number of these. The other house furnishings, con- 
sisting of a spinning wheel, loom, coconut rasp and a chair or two (these 
are greatly prized), find space along the other wall. Behind the door, 
except in the valley towns, stand the man^s spear and shield. Above or 
near the door will be the spirit offering in the form of either a small 
hanger or a miniature shield fastened against the wall. The center of 
the .floor affords a place for working, eating and sleeping. Carts, tools, 
and the like are put under the house' or in one of the spirit structures 
near by. This description will cover the majority of Tinggian houses ; 
but buildings Vith two rooms, ^ one used for cooking, are by no means 
uncommon and stmctures, the sides and floors of which are ' made 
entirely of carefully hewn planks, are, frequently met with. , 

A number of small houses and structtxres, erected for'' the spirits are 
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foimcl in each town. The largest of these, which is nearly of the size 
of a dwelling, Init wdiich has no sides, is known as lialao-a; anolher 
closely resembling it, bnt mueh smaller, is l;alanf//m; while a third, eoiii- 
parabie in size but witliout a pointed roof, is Imujpap. A luiiiiaturo 
house built near a rice granary, some banana tra^s, or in a distant field, 
is laid Tour poles (three usually of liamhoo, and oiu' of a, resinous 
tree) support a small platform several font above the ground, and this 
is known as pcda-aii. A l^ainboo polo about 10 feet long has one end 
split into several slits; tliese are forced apart .and tied with twisted 
bamboo, and into the basket tints formed a jar or cocoiml, shell is placed, 
while decorations of leaves and rice stalks are added. These poles, 
known as salol'o, are commonly found planted at the entrance of tlie 
torvm. Miniature Itaskots of tliis nature hold an egg, and are fastened to 
the roof of a house. Coconut Itnsks decorated with fciitliers and con- 
taining the legs and head of a chicken, are suspended from a jtole; tltey 
are Icnomi as lancet (fishhook). In addition to these ]>ormiiucnt sjtirit 
stractnres, a niunber of small buildings are made for special eereinonies 
and are destroyed after they have served their purpose. The lalao-a and 
Tcalangan are used as general meeting places for the wotnoii when they 
spin or weave, cotton is beaten there and tobacco is hung in them to 
dry. ^ 

Aside from these buildings and the houses, a Tinggian village will 
contain a number of corrals for cai'abaos and cows and a few gardens 
and seed beds. Surronncling the settlements are the rice bins. 

It has already been noted that the Tinggian has extensive rice fields. 
To tliese he devotes the greater part of his time. "When the rains begin, 
the seed beds are jdanted, fences are repaired; and when the soil has 
become moist, it is plowed and harrowed. Both men and women work 
at transplanting the rice; but the men watch and care for the fields 
during the season of growth. When the grain has ripened, the whole 
population goes to the fields to cut and bind the. rice and to carry it to 
the inelosures for dicing. From June to November much of tlie day is 
spent in the paddies, Imt it is the happy time for the ])eople. Ap- 
proaching a group of worker's, yon can hear one or more singing the 
daleng, in which they tell of current events or topic* of general interest, 
or perhaps some youth is singing a love song to the girls. 

Aside from rice, the Tinggian raises maize, tobacco, beans, sugar-cane 
ior basi (the native fermented drink), canioies (sweet potatoes) and 
aba {gdbi) in considerable (quantities. Many other vegetables and roots 
' as w4l as fruits are psed for food to a considerable extent. 

Many excjellent baskets are: made; these are chiefly the work of the 
man. ' The woman is the, potter and' the weavei- of nearly all the 
clothes and blankets used by ihe family, and she also plaits the mats. 
All household duties are left to her ; but when at liome the Iman will 
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assist in the care of the eliildreu, especially the babies. Hunting and 
hsliiiig employ the man's extra time. 

During the dry season bonfires are built at night in various parts 
of the village: about these the women will gather to spin and the men 
to make iiets^, while some good singer or story teller will entertain with 
tales of the adventures of some nndhieal hero, of contests with strange 
huge animals, or of beings with supernatural power. 

GOVEUXOIEXT. 


The old men of a village constitute its ruling class. Of this number, 
there is usually one who by reason of his wealth, integrity, or superior 
knowledge of tlie customs, is called Lal'cnj, and to hiup all matters of 
dispute are brought for adjustment. If the case is of iiiiportanee, or 
difficult to settle, lie will summon the other old men who will deliberate 
on and decide the questions at issue. They liave no means of enforcing 
their decisions on the people other than that it is custom to obejy and 
the offender is ostracized until he lias met the conditions imposed. A 
pig and a Jar of basi are furnished for such a gathering and the person 
Judged to be in error must stand the cost of the meeting. A young 
man has little or no voice in the conduct of affairs; even his oum life 
and actions are largely regulated by his older relatives. The woman 
seldom participates in the general councils, liut in daily life she is quite 
as independent as her husband and with him has equal rights to bring 
her grievances to the attention of the LaJmy,^ The wealth and the 
standing of a man's ancestors in a community have much to do with his 
position and power, but age outweighs all other considerations. Since 
the American occupation local self-government has been established in 
many of the towns. The contest for office and government recognition 
of the officials is tending to break down the old system and to concentrate 
the power in the presidente. 

In daily life there is no strong class distinction (with the exception 
of the pota), but during ceremonies and functions, one class is sharply 
marked. Tlie members of this are Imovra inclividiially and collectively 
as alopogcm; for lack of a better name, 1 shall call them mediums. 
There is no organization to tliis class: men or women who are named 
by the spirits to become alopogmh either* through other mediums, in 

^ Ah exception to this is the poia, a class made up of those women wiio live 
with '111031 not their husbands. Such a %vomaH is held somewbat in contempt by 
the other women; and she is seldom seen at tlie camp ire gatherings or in other 
houses. Her' children belong to the father; and she has no right of appeal to 
the old men, except in , eases of cruelty. Men with coneiibiiies do not suffer in 
the estimation of their fellow-men, but are considered clever to be able to Imve 
two or three* women' in addition to their wives. The poim 'is usually faithful 
to one man, and prostitution, as such, is almost unknown. , , 
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dreams, or by trembling fits wlieii they are not cold, go to one already 
accepted by the anitos- and from her learn the clnties which they are to 
perform. First there are long cle.ains, or set prayers, wliich the spirit, s 
taught the first Tinggians. These must be memorized w'ord for Avord. 
Then the objects desired by each spirit must ])e learned, so iluii; no 
visiting anito may be offended by failnre to receive his regular gitt. TIk^ 
greatest task is to learn the details of the various ceremonies of wliich 
there are more than twenty, Amrying from a liaK day to seventeen days 
in duration. Many months or even years may be rcapiired to learn all 
the things which must be done. When all is mastered, tlie candidate 
iiinst secure her peling. These are a certain variety of sea shells Avhich 
are put in a small basket Avith a linndred fathoms of thread. If it is 
possible she will use the pelmg of some dead medium but failing to 
secure them new shells Avill be obtained. A small pig is killed ; and its 
blood, mixed with rice, is offered to the spirits. The liver of the animal 
is eagerly studied, fox it Avill give the sign Avdiether or not the anilos are 
satisfied with the neAV medium. Should the liver lie spotted, further 
preparation or offerings are desired and until a favorable sign is re- 
ceived, no attempt is made to summon the spirits. Certain candidates 
are never accepted by the anitos; but they are not barred from making 
the deams and aiding in the direction of . ceremonies. 

If the signs are favorable, the medium may now eondnet CGremonies 
alone and summon the spirits. She places the offerings before lier on a 
mat and after striking a dish repeatedly with her peling (to call the 
attention of the spirits) she covers her face with her* hands and trem- 
bling violently, begins to sing, calling on the anitos to enter her body. 
Suddenly she becomes possessed of a spirit and is no longer herself; 
ail her actions are those of a higher being, and as such she talks Avith 
the people, asking and ansAvering questions, or directing Avhat shall be 
done to drive away the sickness for which the ceremony has been tnade. 
At one time only can she summon the spirit of the dead; just as the 
body is to be lowered into the grave, the spirit may possess her and 
through her, talk to his relatives. 

The pay of the medium is small— usually a portion of some animal 
slaughtered for the ceremony, a few bundles of rice and some beads ; but 
tile taboos are severe. At no time may a medium eat of carabao, AvikI 
pig, wild chicken, or shrimps, nor may she touch peppers. 

KHLIGIOF. 

To understand the Tinggian at work or at play, it is necessary to 
understand his religion, for to him it is very real, influencing every act 

of Ids daily life. ; A great and powerful spirit known as Kadaldan lives 
in the sky^ and to him all other spirits, are subservient “like soldiers.” 



His wife. Agemem, who lives in the earth is also powerfii], Ttvo sons 
have resulted from this luiioii, and tliey are quick to punisli any dis- 
obedience of their father's coniiiia nds. EaJjoneijnn is riie friend and 
helper of the people. It vras he who taught the Tinggiaiis how to plant 
and to harvest, how to overcome evil signs and to foil the designs of ill- 
disposed spirits. His cave in the moimtains contained the wonderful 
tree on which grew the agate beads so prized iyy the wopueii: in it lived 
the jars which could talk and move; while from the same cave eaine all 
the valuable gansas ^ which the people use. Xeariy all the derails of 
ceremonies and celebrations were taught by this friendly spirit. Fur- 
ther to bind himself to the people, he married 'Ub the hist times'' a 
woman from Manabo. More than a hundred and fifty other spirits^ 
some good, some evil, are known hy name and at some time or otlier 
they visit the people through the mediums. 

In his waking hours the Tinggian does not fear many of the spirits. 
He converses freely with them when they come to the cennaionies ; to 
the friendly ones he shows the utmost respect: to the ill-disposed, lie is 
insolent., makes fun of them, or lies to and cheats them. At night liis 
attitude is changed. In the darknes^s he is no match for the unseen 
l^eings and every door and window is tightly closed to keep them out. 
If by chance lie is eom.pelled to sleep on the mountain or in the open 
he takes every precaution to ward off their evil machinations. Sohosob ^ 
leaves should be his bed. for this plant is distasteful to the spirits; 
branches put at his head will avert an early death by preventing one of 
them from expectorating on him as he sleeps. iSTo work nor trip of 
importance is planned without first observing the signs and even when 
the undertaking has been begun an evil omen will cause a change or a 
postponement. Offerings of food and drink are made at the beginning 
and the completion of an important wmrk. ivhether it be the planting and 
harvesting of the rice^ or the completion of a house or field. lYhen 
illness visits a member of the family, it is tlie work of an amto and the 
medium is called. She jnepares for the ceremony which she thinks is 
needed and the spirits are snninioned. Should she have erred in the 
selection of the ceremony the proper one will be substituted. The 
many spirit houses mentioned earlier in this article demand ceremonies 
of varying lengths, and are visited by many spirits. Ba!ao-a, hilangan, 
tang pap, and often pala-an demand several days ^ Tor their completion 
and are visited by nearly all the spirits, ineliKling the most powerful. 

The spirit of a dead man is called KaEding. It may go at once to its 
home ' MagJmi'a — somewhere in the sky — or it may remain nearby until 
the body is buried. Often it stays close to the house to punish any 
member of the family who leaves the town, before the ten clays taboo is 

* Gongs of copper. 

^/Blumea halmmifem DO. 
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passed. It returns for tlie layog, a ceremony made about six .luontlis or 
a year after the death, and sometimes on otliov occasions. Tho kaJading 
resembles a person, but can not be seen and iji Ik; lives moeh 

as he did on eartli. For that life, he needs clotlu^s, food and ulensils, 
and the family of the dead imni never fail to put tlu^se in a box above 
the grave. Tlierc is no idea of reward or j,Hinishmen.t in t\io future 
life; neither does the halading return to earth in any otlnu* form. The 
dead are not worshiped, and aside f.rom tlie onev layog — (b'sc'ribcjd later- 
no ceremonies or offerings are made after the funera.l. 

Magic is known and practiced by many of th(‘ ])(‘oj)le. Strange dances 
and songs sung under a house can bring illness to its occupants. Some 
article of clothing belonging to the victim is put in a section of banfboo 
and placed near the fire to give him fever. Any article Just handled 
by an enemy, or the dust of his foot ])riiits when (covered wiih poison, 
will bring him sickness or death. The folk-tales abound with stoj*ies of 
heroes who could call on the power of tlieir liead-axes, sluclds, or betel- 
nuts to transport them from place to place in an insiant, to tramsform 
them into birds and animals, and to bring dead men to life. Many 
methods are used to detect a person practicing magic or doing wrong. 
The most general is to place an egg on the edge of a bolo or split bamboo, 
then ask the question. If the answer is ‘‘'"'Yes,’''’ the egg will balance; 
otherwise it will fall. The top of a Jar or the belonging to a 

medium is suspended by a cord and the question put: if the answer is 
the article will swing, othenvise it will remain quiet. 

BIRTHS AND MARRIAGES. 

Children are much desired by the Tinggian, and every precaution 
is taken to guard the child from evil spirits. About the time a birth, is 
expected, two or three mediums are summoned. A mat is placed in 
the middle of the floor and the spirit offerings are placed on it. Near 
the door a pig is tied and over this the mediums make deam. When 
they have finished, one of them pours water in the pig's ear, that 
as it shakes the w^ater out, so may the evil spirits l)e thrown fro.:rn 11 kj 
room." An old man cuts open the body of the live pig and thrusting 
in his hand he draws out the still palpitating heart wliicli he gives to 
the medium. With this she strokes the abdomen of flm expectant woman, 
so that the birth may be easy, and also as a protection against all 
evil The slaughtered animal is soon prepared for food and the friends 
of the family eat and drink. When the meal is finished, the mediums 
begin to call the spirits, seyeral of whom will come. One of tliese anitos 
the others makes gepas (the division) with an old man. 
Thh mediuiu who is now possessed by puts a blanket called 

enahofi over her Ishouldeys; 'a/ head-ax Js., 'given to tier ,and. another to 
the old man. A pig is brought in, and to its head and tail is tied a 
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narrow strip of elotli. After iiiiieli debating the iiiicldie of the pig is 
decided upon and each seizes a leg with the left hand. The anirnal is 
raised from the door and vvdtli the axes in their right bands they etit 
it in two. In this way tlie mortals pay tlie spirits for their share in the 
eliiicl and henceforth they have no claim on it. The women bring Ijasi 
and the spirit drinks with the old man to eeraent the friendship. Other 
spirits are siiinmoned until nightfall. 

Alien the delivery takes place, the mother is attended hy one or two 
women who knead the abdomen and assist in the removal of the child. 
The afterbirth is put in a jar and is intrusted to an old man wlio must 
exercise the greatest care in his mission and in his choice of a place for 
its disposal. Should he squint while the jar is in his keeping, the 
child will be thus affected. A book or letter inserted in tiie jar will 
cause the child to he very wise; while a few leaves of baiiiboii make the 
child grow like that lusty plant. If the afterbirth is hung in a tree 
near the trail; the infant will not be afraid; if hung in the Jungle, he 
may fear iiieii; but will become an excellent hunter. Often the river is 
chosen or the Jar is buried: the former will result in an excellent 
swimmer and Mierman; but it is ill-fortxme for the baby if the pot is 
put in the ground, for he will be afraid to climb a tree or to ascend a 
mountain. 

Very soon after birth the child is washed and placed on an inverted 
rice winnower and an old man or woman gives it its name. The win- 
nower is raised a few inches above the floor and the woman asks the 
child its name; then drops the winnower. Again she raises it; pro- 
nounces the name; and drops it. A third time it is raised and the child 
is advised to be obedient and industrious; a third time it falls, and the 
naming is complete. A Tinggian child is alwax's named after a dead 
ancestor ; often it receives two names., one of a relative on the father's and 
one on the mother’s side. A third name, that of the day or month or one 
eonmiemorating some occurrence at the birth, is frequently given. 

Marriages are contracted for very young children. Alien the yoiithn 
parents have decided on a suitable girl, they send a relative who is able 
to ^Talk much and well'" to broach the subject to the maiden's people. 
It is then his duty to explain the many desirable qualities of the youth 
and his family and to get consent for the union. If the suit is favored, 
a bead is fastened on the girFs iviist; and arrangements are made for 
the pakalon. This is a function to wliieli the friends of the contracting 
parties are invited; food and hast are prepared and on the appointed 
day the townspeople and guests from neighboring villages come in nnm- 
bers. The relatives form a circle to Talk, over the price which the girl 
should bring; and after, a discussion oftto lasting nearly an entire daV; 
n list is prepared. \ The .payment' usually consists of horses, carabaos, 
jarS; .blankets an.d a small amount of money. A portion of this is paid 
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ou the day of pakalon and is clistribiited to the gifl’s p.arents and rel- 
atives; hut the balance is often left unpaid until the man’s death. How- 
ever, no division ol' his pi-oporty can bo made until tluj marriage agree- 
ment is paid in full. The cbildreu usually rocoivo llui unpaid j)ortion 
of the marriage gift, as well as all the property ])ossossed by the father 
at his deatli; if there are no direot heirs, the wile’s relatives roeeive 
the balance due on the marriage list, while the mair’s relatives receive 
the remainder of his property. The eomjdoliou of the list is the signal 
for great merriment; had circulates freely; the men sing dahng and 
tadch is danced far into the night. The music for this dance is made 
with three gansas and a drum. The gansas are pressed against the 
thighs of the irlayers who kneel on the ground. Two of the coppers are 
beaten with a stick and the palm of the hand, while the tliird is played 
by the hands alone. The stick or loft hand gives the initial lieat which 
is followed by three rapid strokes wdtb the right palm. A man and a 
woman enter the circle each holding a cloth about the size of a dingwa. 
The man extends his cloth toward the woman and bringing it suddenly 
down causes it to snap, wdiich is the signal to begin. With almost 
imperceptible movement of the feet and toes and a bending at the knees, 
he approaches the woman, who in a like manner goes toward him. They 
pass and continue until at a distance about equal to the start, when they 
again turn and pass. Occasionally the man will take a few rapid steps 
toward the woman with e.xaggerated high Imee action and much stamp- 
ing of the feet, or he will dance backward a few steps. At times the 
cloth is held at arm’s length in front or at the side ; again it is wrapped 
about the waist, the w'oman always following the actions of the man. 
At last they meet : the man extends his hand, the woman does likewise, 
but instead of taking his, she moves her own in a circle about his, 
avoiding contact. Again they dance away only rutuniing to repeat the 
performance. Tinally she accepts the proffored hand, tlvo head man 
brings hasi for tlio couple to drink and the dance is over. The man 
sometimes ends the dance by the sharp, snapping of liis cloth, or by put- 
ting it on his extended arms and dancing toward the woman, who places 
her cloth upon his. 

After the pahalon the children stay with their parents until they are 
old enough to live together. The ago for the final ceremony depends 
; entirely on the wealth of tlie boy’s family. If he is able to care for the 
girl, the marriage often takes place before, either of the children readi 
.puberty; in case the boy must earn a living, the marriage may not bo 
consummated until he is eighteen or nineteen years ol age. 

When the time for the ceremony to be completed has arrived, the boy 
goes in company at night to the. girl’s house. In place of the customary 
holo, he wears a head-ax, but .he is the only one so armed. Ho eanies 



THE T^^'EGIAX. 


209 


(1 valuable jar wliieli lie givu^ to liis parents-ifj-iaw ; aiibf iYijin Hint Time 
oil Jie ]uii>t not call tliejii nor any near rolarive of tbe girl by name_. or lie 
will have boils and tlie first eliiid born will be erazy. He also nresents 
them with ten pesos wliieli is parr of the agyeed ]niee. The girFs people 
have prepared a rlisli of rice and a shell ciip of water, and the couple 
sit on opposite sides of tiiese on fine fioor. The boy's nifitlier puts two 
beads into the water and each of the couple take a diink from it. 
Great care is taken not to shake the cup, or they will get Tlizzy, and when 
old their heads and hands will shake. Tne two h^^ads always go to the 
bottom of the cup together, and so the craiple will not part : the cold 
water keeps them from getting angry. After they Iiave drunk, each 
takes a handful of rice and squeezes it firmly inOi a ball. The girl 
drops hers through the bamboo floor as an offering to tlie sinrirs, but the 
boy tosses his into the air. If the 1)an lu'caks. it is a laid sign and the 
couple are apt to part. Often the marriage is deferred and tried again 
a few days later; repeated breaking of tlie ball would cause an aiimil- 
iiieiit of the agreement. If the l>all rolls, it is not a good sign as they 
may be unfaithful. Should it go under tlie boxes and jars, tlieir 
children will die. If the ball remains intact and does not roll, the signs 
are most favorable and all will go wnll. If at any time during the pro- 
ceedings a thing should fall or be broken in the house, the ceremony 
is stopped at once; to proceed that iiiglit is to court trouble, but a few 
days later they will try again. The guests now depart. Iso food nor 
iasi is given nor is there any kind of a celebration. For two days the 
couple are subject to strict taboos, a violation of which would cause 
disaster for themselves or their children. The month following the 
marriage they live at the girFs house, after which they go to the home 
prepared by the boy or to that of his parents. They are accompanied 
by the groom's mother and go very early in the morning so that the birds 
can not give a bad sign. The girl carries her mat, blankets, and two 
pillovrs with her. Before she can eat of her husband's rice, lie must give 
hex a string of beads or she will be sick: she may not open liis rice 
granary until a like present has been given or the spiiit of the giunary 
will make her blind. 

If at any time the relatives of the girl have reason to doubt the hiis- 
liand'Y affection they may make nag’kakalonan. They carry a pig, jar 
and a number of baskets to the house and spread them on the floor. In 
order to prove his love, the man must exchange money and presents for 
them, after which a pig is killed and eaten by the guests. Should the 
old men decide that there was' no cause for doubt, the relatives must 
pay the cost' of the gathering and the husband does not exchange any- 
thing with them. No trace of the clan system is to be found, but 
marriage' is prohibited between blood relatives. 
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KUN lOIJALS. 

Tlio (Iwitl! of ii is followed l>v or ik) disnonsl rnlioiK hiii 

when i\n a, dull lias expinal dahoraln (^ertanonios follow. Ida* i-orpse is 
dressed in gond eloihes and is plaetnl in a. death eiiair. iUd'oia' ii two ur 
tliree old wointai sit both dav and night (o wail and guard against (wil 
spirits who maw wish to ha.rm ilui d(‘ad, or his spouse. The bereaved 
dons old (dolhes, and with a, white hlankel thrown <ner hiun*' sits in mn 
corner of the room behind n harri(*ad(^ of pillows, 'rims plaeed slu‘ is 
more easily pi‘oie(‘led from (wdl (finlos who art* snrt* to ust* twery devit'e 
to take 1 ku‘ life as well. Above the eorjase a t'ord is strtdehed ami on ii 
blankets and otlier g'ifts are phieed so tha.t tlu* spirit of iln^ dead nmn 
may carry them with him to his {Uie(‘sioj*s in Maglawa. OllVrings of 
basij tood, chickeiiB and pigs arc made to the dilh^rtmi spirits who 
always attend, a funeral with (wdl intent.. Otinu- animals an* slaiight<*red 
for food and until sunset of tlu^ sue(*etu,ling day tJu* fritmds tuil, a.nd 
wail. There is neither mnsitg singing, nor dniuung, Pmria! is untler 
the house. It is (mstomary to n*op(!n tht* grave of tlu‘ dea.(! maids an- 
cestors and there to int(*r the liody, dust, at sunset tin* grave is in 
readiness (this is the I'.ommou, hnt not unive.rsal time for l)urial). 1’he 
greatest cxeiteinent prevails as tin* nuuliuin sits down in front, of the body 
and siinnnons ilie spirit. As it enters her body slu* falls luiek in n faint, 
in which condition, she ivS allowed to remain for n moment.; (hen tire and 
water are bronglit; the spirit is driven away and she give's i!ie last, 
messages to the family. A mat is wrap[><^d tightly about thi‘ eorfist^ and 
four men hear it from th,e house i.o the (mlaotL It is rested near (he 
spirit structure for an instant on its way to tlu^ gravi‘, for /wf/zo/no/o/i. 
told the first Tinggians tiiat unless they did that tln^ spirit wouhl hn 
poor in Maglawa and unalile in Imild balaaa. 

That night tlu^ iium gather and sing a song in wliieh 

they tell of the ckaid rmui, tuu'ourage tin* widow and pmy for the widfare 
of: the family. All that uiglit ami Uu* succeeding nine days am! iiighis 
a fire is kept burning ne.ar ihn grave to kta^p away tim evil spirif, l^hwfL 

The rnoruing after the burial the relatives (Mmsinict a Innnboo box 
and place in it the clothes, utensils and food whiidi the sjiirii will nend 
in the future This is hung above Hut gravtt and tlie whohs is siir- 
roimded by' a bamboo :tence. 

Soon after thivS, the blood and oil, ceremony is nnuky for until the. 
wife and relatives liave been anointed with l,)tood and, oil, they may not 
eat, of anything except corn, neither may they swing ttieir arms nor 
tbiicli anything bloody, and all work is tabooed. 

;y„theiSpou8e of the dead continues to wear old clothes miitil ihQ'lmpg 
^iiB;;mader'^ 'add8 ceremony, wlticli is' celebrated in :si,x months o;r a year, 

meu'.or woniem ' : 
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iriakes the ttoaily forget their sorrow and also shows tlieir respect for 
the (lead. Invitations are sent to the neighhoring towns and on the 
ap[>ointod day a great c-roAvd lias gathered. A iiuMliinn goes to the guar- 
dian stones ol the village and tliere offers rice inixed witli l)lood to the 
s]}irits, oils tlu^ stomps, and after dainhiig iadcl\ returns to tlie gathering, 
fiiee, pigs, cows or carabaos arc prepared for food, while Za/x/ flows freely. 
A chair containing the clothes of the deceased and offerings for his spirit 
is phased near tlie house ladder. In the yard, four crossed spears form 
the framework on which a shield rests and on this are heads, food, and 
clothes — offerings for the spirits. According to the wealth of the family, 
the giicsts for one or two days remain eating, singing, dancing or in- 
dulging in games. The mat of the dead person which, until now, has 
remained spixaid out in the house is rolled iij), the doors and windows 
Vvdiich have been kept closed since the funeral are thrown open, and the 
family don their good clothes and make merry with tlie guests. 

CONCLUSION. 

This brief sketcli of some of the more important incidents in the life 
of the Ihiiggian can not well be closed without a word concerning his 
relation to his nearest neighbor, the Ilokano. The writer was earl^^ im- 
pressed hy tlie similarity between the Ilokano of the outlying barrios and 
the Tinggian. As the various dialects were studied, it w^as strikingly 
evident that we were dealing with primitive Ilokano. The work in 
physical anthropology yielded much the same results. The people of 
isolated Christian barrios corresponded almost exactly to their wild neigh- 
bors, while those in the larger towns showed the influence of inter- 
marriage with other peoples. In developing the genealogical tables it 
soon became evident that the non-Christians had many relatives in the 
civilized (tom ni unities, and further search revealed the fact that many 
of the leading Ilokano families of Bangued, and through them of Vigan, 
w^ere only four or five generations removed from the Tinggians, The 
Ilokano still retains many of the customs and beliefs of tlie older genera- 
tions, and a study of these shows many of them to be almost identical 
with thovse of the Tinggian. 

What the future may have in store for this people must be determined 
largely by the influenee wielded by the schools over the younger genera- 
tion. In those towms wdiere the Ilokano influence has been the strongest, 
the Tinggian lias l>een undergoing a certain amount of degeneration 
physically, industrially and morally. By nature he is industrious and 
if his energies can be dimeted without his acquiring the vices of 
his ‘^‘^civilizecT^ neighbors he will become a useful inemher of the eoiii- 
nrunity. The first great step toward this end was taken when Coni- 
niissioner Worcester succeeded in establishing an industrial school for 
Tinggian boys in Ijagangilang ( Abra) .. , 
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Fig. 1, Mediums summoning the spirits. 
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A THEORY OF HEREDITY TO EXPLAIN THE TYPES OF THE 
WHITE RACE IN NORTH AMERICA. 


By Eohert Bennett Bean.' 

{From ihe Amitomical Lahoratori/, PMUppine Mediaal School, Manila, P. I.) 


Tlie classiiicatioii of the i,ypes of man Is a stumbling block for an- 
thropologists. The basis of siieli a classification varies with different 
anthors and few agree as to what eo.nstitiites a type,, a race,, a stock, or 
a family of men. 'JSTo attempt is made in this paper to define these 
(lifforent terms, hat the word type is used to represent a composite entity 
that is homogeneous in a group of individuals. 


AERANGEMEOT OE DATA. 

The revSults recorded in this paper are based on measurements made 
on more than 1,000 students (923 boys, 116 girls) at the ITniversity of 
Michigan in 1905, 1906 and lOOf, all of whom with few exceptions were 
members of the freshman class. 

The physical attributes fall naturally into several groups, such as 
cephalic index, pigmentation, height, etc., and the tj^pes readily assemble 
with these attributes as limitations. There are four primary types, four 
seco.ndary, and five blended ones. 


CLASSiniCATIOlSr OE TYPES. 


The most prevalent type is termed the ^^^^o^thern'’^ throughout this 
paper, because it originally appeared in northern Eimope, now predom- 
inateKS there and is designated as IToifhern by many authors, although it is 
identical with the Cymric race' of Broca, the Homo Uuropeus of Lapouge, 
and the Teutonic (Germanic) or race of, the ^Tow graves.^^ TMs type 
is tall, fair haired, light eyed and, dolichocephalic, and it occurs in 18 
per cent of the boys and 22 per cent of the girls. 

, The .second of ' the' primary Types : is designated the, Iberian (PL I),, 
because,, of its evident derivation, from, ;the lberi, an, of Great Britain' and 
Europe.' 'Tfiis is^th^; Jfe,diterraneah race df,'Ser^,^ southern Europe: 
mHpmp^mridiofvdp^ EapbUgey ih;' fine,, the^ Hamitie stock: ' 

^Read at the ififth 
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that spread in earlier times over Afriea,, Asia and hluroja; and (illed Uni 
“long barrows” of Britain. The Ilierian of Aineriea, is aiiovc? the a,v(n'age 
in statiu-e, very dark baired. and da,rk (‘.ved, and doliihoca^plialie, and llie 
type appears in 16 per cent of tlio' hoys and IS per wad; of Iho girls. 

The third primary type is lha.l, of the Ccit of r.roea. ih(> Middle 
Kuropeaii, Ehetian, Celto-Slav, Ligurian or (t'llo-Ligurian of (xiri.ain 
anthropologists, the Hovio alpimis of others, d'lu! nanui Alpinc! is 
used in the present article. The physical <haraelcrist,ics are inediinn 
licight, moderate pigmentation (brown liair and eyi^s), and hrachy- 
eephaly, and the type is foniid in 10 per coni, of llii' hoys and in 10 per 
cent of the girls. 

These three types represent three ])ritnary (deineids in th(^ population 
of Europe and are believed by many to bet the throe primitives white 
stocks, but there is an additional type, wbieli, wit.li its 1;wo scesondary 
types, is distinct and cbaracterisfcic of a large element of tins American 
population. This is tlie broadbeaded Raxotv of Bialdoo, and tlui Orienhd 
or , eastern European of Doniker. ^’be ])r<isent inhahii.a,nis of norlh- 
eastern Europe and middle wcistern Asia, c^onform to this type, wliieli is 
above medium height, has fair hair a,ud oy(vs and is hra,cliyce.phalie, 
occurring in !) per cent of the boys amt in !,< per eeid; of the girls. It 
is hereafter referred to in this article as Saxon. 

The two secondary ty]>es closely associated physically with, ih(( Haxon 
are the Celtic and Vistnlian, the former Ixung like an, (xxfreme Ka.xon in 
large proportions, the latter resembling the same type in, the opt>osite 
direction, being the sniallost physically of all thi,i typos. In Croat 
Britain the Celt (PL TI) is the muscular, tawny gaint of history, the 
Kelt of English writers, the proliistorie man of the “ixumd harrows,” 
with a height e,xeeeding tliat of the? Northern type, which is noted, for 
this feature, a cepbalie index greater ihan. that of any otlu!)’, and very 
fair hair and light eyes. This type occurs in li f,)er cent (,)f the hoys a.nd 
2 per cent , of the girls. ' 

The Yistulian is DenikcT’B type , of that name, so called fro,in its 
apparent predominance along the Vistula River. 'This type is vei-y 
■ abort in stature, has, fair hair and light eyes, is mesocujplmlic, and is 
fpimd in 4, per cent of the boys and ;4 per, cent of the girls. 

These three iypesj Saxon, Celtic , and Vistulian, may ho variations of 
one original, but tho3.'e aro distinctions sucli as height, , cephalic index, 
class standing, etc., that render them clearly separate and different at 
the present time. 

^ The two renaaining secondary types, the Littoral and Adriatic, hear 

Iberian and the Alpine respectively as the 
,, and ,ohp. might select from the Iberian and 

the Vistulian 

A,'. 


ulc same relation to the 
, heats ,f<| %e Stesph; 

. )!v '' i 'l', |’'| f i *; A'f ^ 



A THEORY OF HEREDITY. 


217 


bears to tlic Saxon. Id like manner, the Northern type might be sub- 
divided into three— an extremely large, an extremely small, and an 
intermediaio one. Kaeh of tlie four primary types ynnld then be 
resolved intn tlnne, ])ut the distinctions are sliglit in all cxe(‘pt the Celtic, 
Vistulian, Ijiitoral, and Adriatic, and these tour hist named are described 
and located in Ihirope in the recamt work of Denikcr, so there is Justifica- 
tion in the grouping given above. 'Wliatever may be said in regard to 
the secondary types, no Jnst objection can be made to the four primary 
ones. 

The Littoral type (PL III) co responds closely Avitli the ^'Mediter- 
ranean Race'” of TIoiize, the Cro-Magnon of some authors, and the 
Littoral or Atlanto-Mediterranean of Deniker, and nsnally appears in 
Europe not more than 130 to 150 miles from the coast. The type is 
've7*y tall, has very dark hair and eyes, is mesocephalic, and occurs in 
3 per cent of the boys and 5 per cent of the girls. 

The final secondary type is Denilver'^s Adriatic or Dinaric, tall, dark 
and bracliyceplialie, and it may l.)elong to the Lorraine race of Golligiion. 
It is present in only 3 per cent of the boys and not at all among the girls. 

The blended t^ypes are apparently mixtures of two or more of the 
primary or secondary ones. Blend Mo. 1, or Celt-Iberian (PL IV), 
which is above the average in height, has the largest chest of all, intensely 
black hair, light blue or gray eyes, and is mesocephalic. This is present 
in 8 per cent of the boys and in 3 per cent of the girls, representing a 
well known so-called ‘^Txish^^ element in America, but found there also 
in other than the Irish population. It is probably a blend of the prim- 
itive Iberian of the '^long barrows” in the British Isles and the later 
arrivals, or Celts, of the ^hmmd barrows.” 

The individuals of Blend Mo. 2, or Morthern-Iberian, are very tall 
with dark hair and light eyes (the latter often green) and are extremely 
dolichocephalic, with a cephalic index lower than any other This 

is probably a blend of the^ Iberian and Northern type, and occurs in 
5.5 per cent of the boys and in none of the girls. 

The third blended type, Blend Mo. 3, is probably largely Alpine 
with an admixture of Northern, and might be called Northern-Alpine, 
It is of medium height, mesocephalic, with light brown eyes and blonde 
hair, and is found in 4 per cent of the boys and in 3 per cent of the girls. 

Blend Mo. 4, is very rare and is largely Iberian, or Saxqn-lberian. 
It is below medium height, has dark hair and light eyes, is brachyce- 
phalic, and occurs in 1 per cent of the, boys and 4 per cent of the girls. 

, Blend No.. 5 is a conglomerate with a preponderance of Saxon elements, 
but also :withmvidenceS; of Nberkh, 'Northern, and;, Alpine and may. be 
considered, U' composite. American '.type, towarcbwhich' MI "others tend. ' It 
is'oinrediunl height or .slightly .'taller,, witli light' brpwib.or, sandy, hair. 
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eyes of all the lighter shades, namely, bine, gray, green, light brown or 
hazel, and a mesocophaly cliaractoTiatie ol! tlio Euglisli people. It is 
present in 13 per cent of the boys and in 20 per cent ol the girls. 

In addition to these, 15 Jews and 7 niitlattoes were inc.lncle.d in niy 
study at the UniYersity of Michigan. 

FEMININB TYPES. 


Although only 116 girls wcj'e measured, the types are so nearly like 
tliose of the boys, with a reduction in height and an increase! in cephalic 
index, that a few words regarding sexual affiliations and dillui'cnces may 

not be out of place. 

One most striking result of a comparison of boys and girls by type 
is that the mean has a greater range of variation among the girls than 
among the boys. The differences between the means ot the tyfjes is 
greater for girls than for boys, e.xeept in height, where the boys have 
greater variability. 

Table T. — Differences of hype means. 


Sex. 

Weight. 

Height. 

Chest. 

Pig- 

Head. 

Ce- 

plialie 

index. 

Bi'tiin 

Class 

Httii nd - 

inent. 

Length. 

Breartth. 

Height. 

weight. 


0?rk r- 

18.2 

13. 7 

10.0 

66.0 ; 

1.6 

0.99 

0. 60 

7.3 

100 

20.0 

■Rovfi 

10.7 

15.6 ! 

3.8 

53.4 

0,7 

0.65 

0,41 

5.6 

51) 

13. S 


1 
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This may have a broad significance^ especially wlmn it is known tlnit 
the variability of the girls is in the direction towai’d the supposed pj’e- 
cursor, the male tending toward a common ineaii, the I'enuilo toward 
the primary stock. This w'onld reconcile tlie eonfiiciing views oT many 
biologists with Pearson’s school of liiomebicians., tlu^ llrst (hiinilng 
man to be more variable than woman,, the R(‘(io.fX(l3 opposites* ,Ptja,rso;n 
and his followers have made observations by ’''h'andom sajnpling’’ and., 
working on the mean of such samples regardless of ty|:)e or individual, 
have necessarily overlooked that which, a more detailed and intricate 
study reveals* Variability is indeed greater in a ‘^hnndorn sample’’ of 
wom.ett than in one of men, but it may be true only because women 
tend to remain true to the original type, while men vary toward a 
eoUimon mean. If further research, corroborates this conclusion; a factor 
of prime importance is added to the principles of heredity. This 
is one of the many indications of the postulate tliat heredity is a persist- 
ance of type with modifications, and the modifications may be greater 
, among men who must become habituated to surroimdings, while persist- 
anee of type is more evident in women who are more or' less shielded 
^ slowly. There seems to bo a sexual diSerence 

Wtig-the male leader ami the Saion the 
j. apparently not so vigorous m the 
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others either physically or mentally. The above observations are sug- 
gestive^ not imah 

To suininarize the feminine tj^aes^ it may be said that the height, 
weighty chest girth and head size are less for the girls than for the boys^ 
while the class standing and the cephalic index are greater. The 
feminine types correspond fairly well to the masculine ones of the same 
kindj with minor differences. 

The fact that the same t^^Des can be collected from a hundred girls 
as from a thousand hoj^s^ in nearly the same relative proportion as to 
number and with similar physical differences, speaks well for the t}"]3es 
selected as representing realities. Head size, particularly frontal width 
and class standing, are correlated, but cephalic index and class standing 
show no correlation. 

There is a slight indication that the girls may be more nearly like 
the aboriginal types than the boys, because the blonde girls are fairer 
and the brunette girls are darker; the height of the girls is relatively 
nearer that of the primitive types than is the height of the boys; the 
chest girth of the girls is also closer to the original. The cephalic index, 
head length and width, places the long-headed girls relatively nearer to 
dolichocephaly than the long-headed boys, and the broad-headed girls 
are decidedly more brachyeephalic than the broad-headed boys. 

The head shape of the girls is shorter, broader and higher, with prom- 
inent frontal and occipital regions, due partly to small brow ridges 
and small occipital .protuberances. This gives a square, vertical forehead 
similar to those of the Iberian boys, the shape of which is due to the 
same factors. 

TYPE HEREDITY, 

A tentative scheme of heredity, or of the processes that are transform- 
ing the physical characters of man, is formulated for the first time in 
this paper, in order to throw light upon the existing types of the white 
people and to assist in tracing their origins, as well as to detemxine 
some of the forces at work in shaping the formation of new t}‘pes. The 
scheme embodies the principles of determinate valuation, alternate varia- 
tion and discontinuous variation, and applies these principles in a 
practical way to explain type heredity in man. It is briefly as follows: 

An original germ plasm contained all (?) the possibilities of life. 
Certain innate tendencies influenced by surrounding conditions caused 
variations from time to time (determinate variation) until a type became 
too differentiated and specialized (evolution) to exist, and perished 
(paleontology). The germ plasm persisted. Man is at present one of 
tho differentiated and specialized living forms.. Types of mm have 
been produced favorable to the surrounding conditions (isolation), and 
the crossing of, these , types blends,; definite characters andngain disen- 
^ 'gages them, each of 'bhe, blended, hharactem returning, more or /less'pure^ 
, in succeeding; generations '.(alternate 'variation). ;; After ' riiaracters be- 
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come liiglily Bpecialized, losing some (jnalii.ieR and gaining ol;1ums l),y 
a process of elimination and accretion, the crossing of types coniaining 
such highly specialized diaracters may unite a])par(mtly dormant (jual™ 
ities in each type and produce a new type unlike (uiher of i!i(^ original, 
this ])eing calied a mutation, a sport of reversion (discioniinuous vaida- 
tioii). Heredity then is like ])rodncing likx^, v\^ilh modi fuaiiaons, or 
simply descent with variability. 

Heredity has three factors, a determinant, a modifier, and a, law of 
chance, and these three regulate variation, or luu'ediiy a('{;ing iJi!*ough 
environment. 

The determinant, or the germ plasm, which has (Wwv.t d(‘sconi from 
the gemi cell of one generation to that of the mext, has its activities 
expounded by Weissmann, Galton, and Brooks, under the designation 
of Weissmaiin’s theory of heredity. 

The modifier has been variously set forth as selection by Darwin, nsc^ 
and disuse by Lamarck, strength of parts by Roux, organics schiciion liy 
Mark Baldwin, Osborne and Lloyd Morgan, ami isobition and othca* 
factors by many other biologists. 

The law of chance is MnudeBs law, or that of altermitci vairiatton, as 
elaborated by Castle, Bateson and others and exempliflc'd by itie inherit- 
ance of male from female and vice versa, through the speciiieity of the 
accessory chromosome, as identified liy Henking, McCliuig and Wilson, as 
well as by certain hereditary affections such as color l)lindm^ss, jxu’oimal 
atrophy, congenital cataract, hemophilia, alcaptonnida and other abnor- 
mal characters, like two joint digits, web fingers, etc. ddiese usually 
show either dominant or recessive characteristics and are as a, rule 
inherited by the male through the female, the latter not being affcKtioxh 

The law of chance is the law by which the determinant acts, and 
environment is the modifier. 

Mutation, or fluctuating variability, may lie explained as Ukw a{*i;ion 
of the modifier on the determinant by acxjviniiilated and oft r(>p(aitr‘d 
variation in a definite direction (determinate variation), as rcpri^scaited 
by the paleontologie records of the horse; and then the iimcxiKHdxul 
crossing of long separated and specialized germ plasm or individual 
.^’hharaeters," gives rise' 'to reversions, , sports, or mutations. Goniinued 
intererossmg , of differentiated,, characters, , or ' 'Specialized germ 'plasiri, 
causes fluctuating variability. Determinate variation, fluctuating vai*ia- 
Mlity and mutation are processes illustrating the modifications of tim 
- determinate factor. 

Mendelism represents the action of the two extremes of a single char- 
acter when crossed, mdx as black and white hair, long and short hair, 
smooth and tufted hair, etc. ^ In the first generation of sucth a cross the 

appear to 'be .''dominant, 
recessive factor roap- 
b)ack and white 




A THEORY OF HEREDITY. 221 

guinea pigs are cro>ssed tlic second generation is all black, ])ut tiie third 
generation lias three black and one white (hg. 1). 



(From Castle : Fop. Sci. Montlily.) 

Third generation. 

Pig. 1, — Effect of crossing white and black guinea -pigs. 


The wliite is pure and breeds time. Only one of the blacks will do 
this^ however, because tlie other two are hybrids like the second genera- 
tion, There is an equal distribution of both dominant and recessive 
elements^ although the apparent relation is three dominant to one reces- 
sive. The distribution follows the law of chance as illustrated by H., IT. 
N’ewnian in his lectures at Ann Arbor on heredit}"^ or by the use of 
colored discs. Put equal munbers of black and white striiDs of paper 
into a receptacle and draw out one in each hand noting each time what 
is produced^ whether two white^ two blacky one white in tlie left hand, 
one black in the right, or one white in the right hand and one black in 
the left. An equal number of each of the four possibilities will i^esult 
if this process is continued indefinitely. However, Mendelism represents 
something besides the law of* chance^ because the dominant obscures the 
recessive, and the law holds true for individual eases, while only in the 
ultimate result can the law of chance be tested. Mendelism may be the 
method of readjustment of individual characters when they are brought 
together by crossing after their extreme limit of variability has been 
reached./' 

' , , Blending does not begin at once, butnnly after repeated crossing haS; 
taken , place.'; ' Tliisniaybe explained/by The action of the chromosomes ^ 
in: the'' germ; cells. ;,Wlien thenvumhas/nid itself 'of 'unnecessary chromo- 

/som:eS':#ddras non jiigated' with TbO'/sperniate regain the chroniafic'' 
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tlie iiidividiiai are present. Whatever fiirtlier dcivelopinent talces place 
is caased by the chroinosoiiics acting tlinnigh the cnvii'onnioiit. When, 
the first few cell divisions take place tliere may l)(‘ lilih^ infhieiHJc from 
envixomiienh bnt the greater the number of colls., (JiaL is, iho fuiiher 
away they are from the original unO;, the greater is Lhe iiifliuaice ui‘ 
environment and the greater becomes the dinerHmtialion oT the imlividuaJ 
cells. Dining a long series ot generations of an indivuliial s|)o(i(!s 
(type);, the changes produced even in ilie g(aan citls hy division, growth 
and nutrition must be so great and tbe ultimate germ ceil so fa,!' rcanovaid 
from the original one that the supposition of its unaltcM'ed (condition is 
untenable, and this is true -withont considering the ma-ui fold iiillmmces 
on the germ plasm during tlie life of each, individual. A germ cell 
may separate itself from, the other cells almost at tlie beginning of the 
segmentation of the ovum (fig. 2), and in this way carry on diiHujtly 



ST' 


8 0 



Fm. 2,-~-Segregation of tJxe sox cells in t%^ segmentations of the ovum after fertilization. 
AaeaHs megraloeephalQ, var. unwal^m. (Adapted from Bnck^s Reference Handbook 
of tbe Hedlcal Sciences, 1902* 4, 650. After Boveri.) 

Tbe germ plasm divides by dodbUbg dlri^ion (growing in bulk and dividing) so 
i' ' predls^ly like tbe otter.' On© of ttesO' 'may, divide 
I - germ plasm (G - l”-2^3«-4‘'~S-»8'--7) 

■ Iromlgotera*' 


, fyoto' tew orgAntsms ' aria© 



A THEORY OF HEREDITY. 


228 


to the succeeding generation the chromosomes of the two parents^ but 
the physical and chemical impossilhlitj of the single cell containing all 
the necessary determinants for all possible forms of life is readily per- 
ceived. The germ plasm may be acted upon by environment, as would 
be indicated by the effect of intoxicants (in a broad sense such intoxicants 
as alcohol, bacterial toxins, internal secretions, diathesis, etc,), in the 
liereclitary transmission of tendencies and in producing monsters, epilep- 
tics, etc. Therefore, the immortality and immutability of the germ 
plasm must be acknowledged to be inconceivable. 

Adami^'s scheme, which is a coiiibinatioii of Ehrlich's side chain theory 
and Mendelian heredity, is a good graphic representation of the chro- 
matic relations of the germ cells. Each germ ceil has a central ring 



Fig. 3. — ^Weissmann conceives that the chromosomes which produce an individual consist 
of many each of which contains all the possibilities of a new organism. The 

possess an historic architecture that has been slowly elaborated during the 
multitudinous series of generations that stretch backward in time from every living 
individual. Each consists of determinants which represent the various parts of 
the individual that may undergo variation, and each determinant is composed of 
biophores which enter the cells and direct their vital activity. 


with side chains to which are linked affinities (fig. 4). The ehromo- 



FiG. 4.— Adami considers that the germ cells are similar in nature to the benzene ring. 
The chromosomes represent the side chains that link together affinities. Like chro- 
mosomes attract , like. Unlike , chromosomes ■ repel each other, but ■ may -finally . fuse 
after repeated contact through many; generations. ^ 

soiries represent the side chains. The central ring does not alter, but 
the side chains may. , Sex cells or germ cells contain the original side 
ohoin unaltered. Ximr cells, muscle cells, etc., contain many side chains. 
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Environment begins its antion when cell division conimon<;cR, the en- 
vironment of each cell becoming difl'ei'ent I'rom iliat of its pr(!(liH;ossor. 
In this w the side chains Iwconus cliangcd and luav'dilv is affecdcd 
(fig. h).' 


P.i r.ris* P**n0.nt»l 
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WTien each sperm cell or oocyte of the first filial generation is a 
hybrid of mother and father^ it gives rise to ova or spermatozoa by 
redaction division -with a loss of one-half of its chromosomes^ thus becom- 
ing like mother or father. Then it unites vitli a like or unlike cell of the 
opposite sex (ovum or sperm) and reproduces type according to MendeFs 
laws. This apifiies when the cross of two opposite extremes in one 
character takes place, as when blue eyes and brovm eyes (Davenport)^ 
long and broad head or long and wide face are crossed (Boas), but not 
when this is the case with the twm opposite extremes of other characters, 
such as ear length in rabbits. Blending ultimately manifests itself 
even in the most diverse characters that at first exhibit Mendel's law in 
all cross-mating. Castle has shown that repeated crossing for many 
generations alters apparently pure characters, so that black hair becomes 
contaminated with ^vhite and wdiite with black, and although continual 
crossing has not been carried on further than this, there is reason to 
believe that ultimately the extremes will produce a perfect blend. 

In any cross of extremes the chromosomes or side chains of the germ 
cells are in unstable equilihriimi. In the next generation there is a 
rearrangement of the chromosomes in all possible combinations, giving 
a ratio of apparent dominant to recessive, of 3 to 1, 9 to 1, or 21 to 
1, with one character, two characters, or three characters respectively. 
Continual crossing inter se enables the side chains or chromosomes to 
become accustomed to those of the opposite nature by continued union 
and disunion in the sex cells; the opposite qualities become reconciled, 
as it were, and blend slightly. This blend becomes more and more 
perfect and complete as generation succeeds generation. 

It is to be sup})OBed that when two distinct types of men come together 
and intermarry, there will be a confoimity to Mendel's laws more or less 
complete for each character, depending upon the distinctness of the 
types ; then a gradual alteration of each t}q)e in the direction of the other 
talvGS place until finally, if time and other circumstances permit, there 
is a perfected blend of the t\vo. This has probably oeciirred in Austra- 
lia, Tasmania, and other isolated regions, and is now going on in nearly 
all parts of the w^orld. 

Prehistoric Europe, Asia, and Africa wore overrun by hordes of little 
people now generally Imowm as Iberians, who settled the British Isles, 
tlie Atlantic coast and the Mediterranean basin almost to the exclusion 
of all others. Tlie Iberians, were short, slender, delicately molded in- 
dividuals witli coal-black hair and eyes, a tan complexion and a very 
long, narrow, high head represented to-day by the most chaTaeteristie 
Spanish dype. ',(Pls. I, VI,, etc.) :,This stock was /superseded dn early 
historic times by theXTelt or^ Gatil who conquered or, peacefully infiltrated 
the region of central Europe and the' British : Isles, but did: not: drive 
■ out or extemiinate 'thedittle dark' mien of /prehistory. , The Celt (Pls. II, 
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and Y) was about as different from the Iberian as one \vl)ii.o man i^ould 
be from another, being a giant in size and strength, with yellow hair 
and blue eyes, ruddy complexion, and a large, mnnd head not high, 
but with beetling brows. 'J’bc intermingling of those two extreme types 
of the white race has resulted in the (Idt-lberian (T’ls. IV and YI), 
who is in nearly every measurable feature intermediate bcitween the (lelt 
and Iberian as they originally e.xisted, hnt with the cioal black bair of 
the Iberian and the blue or gray eyes of the delt. Hair ooloi' and, 
eye color are evidently separate cbaractei's, as they hare nol; hiondod, 
and may follow MendeFs laws. 

When the Celt overspread Europe, and came to England and mingled 
with the Iberian, the Gelt-Ibcrian, or Blend .No. I, was formed, d’liis 
formation represents the hybrid. Tlie Iberian and the Celt reappeared 
in succeeding generations, but in time became more and more alike, 
until at present the differences are slight, as is shown by the measure- 
ments of the two types. The Celt-I!)erian has conlinued, and, to-day 
represents the hybrid of the two existing types, the Gelt and, tlie Iberian. 
The Northern and Iberian came together at a iater period in the same 
manner and formed the Blend No. 2 or Northern-Iberian. 'riie (Jell, nml 
the Northern type must have mingled and some of those iiudiuled Tnulor 
the Northern type are undoubtedly the hybrid Celtic-No.riherti. T’be 
Iberian is, then, approaching and becoming like two types, the Noi’tbeni 
and the Gelt, which is apparent from the physical resemblance of the 
three. The Saxon and the Alpine may be considered as blends of the 
Celt and Iberian with a preponderance of the Celt, as in the Celt-Ibcrian 
there is a preponderance of the Iberian. The Littoral (PI. VII) and 
Adriatic are distinct types as much as the Northern, Gelt and Iberian, 
and probably represent the modernized Oro-TVIagt.ion and Neanderllial 
man. They are modified by the three other types, all of wliich have soniu 
of the characteristics of these two primitive ones, sonu* more than ot.luu's, 
the Northern partaking largely of the Nefindcrtlial,, tho Iberian, of tlui 
Cro-Magnon. There is a progresmve fusion of all the types g(,)ing on, at 
; the present time, with a persistence, more or less pure, in. a few in- 
dividuals of some features, of the primitive types., Tho Nortbeni, 

: Iberian, .Littoral, and Blend No. 8, have the height, head length, aurl 
tendency to a hypsistenocephalic condition resembling the , type of the 
:, Oro-'M^gnon, Laugerie and CbancelMe .man , of the late , paleolitio or 
^ ‘ Magdalenian epoch in, .Europe,, or of the men from the grottoes of Gri- 
maldi; aH of these ancient remains hein,g characterized by similar fea- 
tures. . The Littoral has ptfflerved.inbre definitely the original composite 
traits, while the others have blended, thein , with their intrinsic character- 
isrics. The Adriatic and the Northern have the brow ridges, the big 
bom and muscular development, and the shape of the sagittal outline 
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of the head of the K’eanclerthal-Spy type. The occiirrenee of a football- 
player of the Adriatic type so closely resembling the N’eanclerthal man^ 
indicates that the Adriatic type may he the nearest liying related form 
to this primitive precursor, the men of Krapina being intermediate 
between the two. An additional factor favoring this view is the low 
class standing of the Adriatic typei, particularly of the football-player. 
The hTeanderthal skull is dolichocephalic, but Schwalbe has demon- 
strated that the brain rvas brachyceplialic. The enlargement and de- 
velopment of the brain gives a brachyceplialic head as is seen in the 
Adriatic type. 

There is evidence, then, of a persistence of the river drift man of in- 
terior Europe, represented primarily by the Is'eandexthal-Spy type^ 
secondarily at a later period by the men of Krapina, and at present 
by the Adriatic, with some characteristics present in the Northern and 
possibly in other types; as w^ell as a persistence of the Cave man of 
Europe and the British Isles (Boyd Dawldns, Eskimo) in the Littoral, 
and somewhat modified in other types. The Semitic, Iberian and Celt, 
until their affinities in the types, are derived from other uncertain sources. 

WTien a single individual of any type is considered it should not be 
supposed that the type is pure, but on the contrary, each individual may 
have possibilities in the sex cells of any number of types, and the dif- 
ferent sex cells have a different arrangement of the chromosomes so 
that as frequently happens, there may be several t}rpes in one family, 
especially if father and mother are of extremely different types, when 
the possibilities are greater. This may explain the appearance of Ibe- 
rian, Alpine, Northern, Littoral and Blend Kiimber 1 in one family of 
my acquaintance, while in another there appears Celtic, Saxon, Littoral, 
Alpine and Iberian, in the former the father being Iberian or north- 
western (Littoral) and the mother northern, and in the latter the 
mother Iberian and the father Celtic. 

Individual characters are inherited in the same manner as these types, 
wdien they are specific and separable, as in the case of the black and 
white hair of guinea pigs, and MendeBs law ultimately works through 
the law of chance in all heredity. 

It is to be noticed that none of the types are pure unless it be the 
Celt, and even this xnay have obscure recessive characters. Only by 
individual records of families followed for at least three generations can 
the tendencies herein suggested be confirmed. Boas has shown that in 
crossing long and short heads and wide and narrow faces (among Jews 
and Indiatis) there is a tendency toward divergence in the offspring, 
the more unlike the parents are; and the more nearly alike the parents, 
rthe greater the'rtendency toward a 'blend of The 'two., 'Davenport and 
Davenport' have shown' that the„eye,: color follows MendeFs laws, ,daxk 
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brown being clouiiiiaiit to brown, ])roAvii to gi'ny, io blue, llio Uitcr 

being the pure reccssiA^e. 

Certain types by reason ot tlieir nnnibors, their derivjii.iori aiul tlunb: 
general distribution may bo considered typically Aineric'jim Such are 
the ISTortheriij Iberian, Saxon, ('olt and Blonds Nos, .1, and 5. Idie 
Alpine, Vistulian, Littoral, Adriatic and lllonds Nos. b and -I arc; ia rgdy 
of recent foreign extraction. The trend o.t the Ainin’ictin lypi^ is in ilu.! 
direction of ijici'casing liciglit, Idended coloring and mt^soc(q)luily. 

SUnMAKY. 

Pii 3 ^sical measurements ot 9.^3 hoys and l id girls are preseiitcHl, with 
eye color, hair color, and head outlines ; and various inditr^s oJ‘ (In? lu^ad 
axe computed, the brain weight is calculated, and the (lass standing is 
given. From these data t}^)es are selccled represen l.ing existing hoino- 
genons entities. 

Eipley’s three Enropean races ]')redominate, Demikerts Furopijan rju.ns 
are found somewhat modified, and in addition to these types, live bhuidinl 
types are designated. 

A tentative scheme for type licredity is ronnulaied to ('.xplaiii the 
relation of the types found to the types known to liavc in tlu^ 

past, and to indicate existing tendencies and predict futui'e devel.o[)menis 
of types in America. 

CON-OLUSIONS. 

Collective evidence favors the conclusion, that th(‘, prehistoric, types 
of men in Europe have persisted to the present time, a, ad are found in 
America somewhat modified; other types are found reprtesemting later 
intrusions into Europe; a blending of those types has tranKfonned them 
and created new ones; and the apparent ulttmale rcv'^uli will he a com- 
plete fusion of all the types. 

Feminine tjpes corresponding to the masculine are nearer in form i.o 
the primitive, not having be<'c>!.ne so. dilforontiai,(ui 

All hypotlicses and c^onclusions are tentative, a:iul await otJuyr work 
mow pending' for confirmation, 

"thanks due to Dr, McMurrieh for his great .Icindness to me 
^ during. dhe^ time. I was, engaged in ..making ' the physical moasiiremoots, 
,, especially for fairing my classes; and nnly through his generous assistance 
■> l^enablbdAb , coinpleteAhe; wdrk^ 
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BIOLOGY OF PHILIPPINE CULICID/E. 


By Charles S. Banks. 

{From the Entomological Beetion of the Biological Lahoratorg, Bureau of 

Bcienee,) 

Altlioagli nearly a liiindred species of mosquitoes are now recorded 
from the Philippine Islands and ne^y ones are constantly being discovered 
in every region wiiere collecting is done, very little has been known here- 
tofore of the habits and life histones of even the most abundant species, 
among which may be mentioned Myzomyia liidlowli Theob,, Stegomyia 
persistans Banks, Gidex fafigans Wied., and (Jiilex ininmnnulaius 
Theob. 

While many species are perennial, others are abundant only at certain 
times of the year. Of those breeding in or near dwellings some are 
day flyers while others are to be encountered only after dark, being most 
prevalent before midnight. 

There are few people who, after a year or two of residence in this 
region, are not able to recognize some of these pests either because of 
their form and coloring, or from their habits. 

WoRCESTERiA GRATA Banks. 

Worcesteria grata Banks, This Journal (1900) 1, 780, 982. 

Egg: egg is 0.67 to 0.70 millimeter long and 0.43 to 0.47 inilliineter in 

diameter, of a very broad, blunt, regular ellipsoidal shape. (PI. I, fig. 1.) It is 
pure white when laid, but turns to a dirty pinkish-gi-ay previous to the hatching 
of the larva. The .surface appears granular when seen with a low-power lens (PL 
I, fig. 1 (a) ), but when placed under a high power, small, sub-ovoidal tubercles 
are seen. Some of these appear .spherical with a spinous projection. These tu- 
bercles vary greatly in size (PL 1, hg. 1 (^) ), and tlieir surfaces are coated with 
a filamentous, powder-like substance, impervious to water. The egg is thereby 
made to float perfectly upon the water, no , part of it being submerged at any time. 
The largest tubercles measure 0,014 millimeter by 0.01 millimeter (PL I, fig. 1 
(o)), while the smallest are about 1 g. ' ■ 

^ 'When 'the larva is ' about to ■hatch, the egg $hell splits irregularly 
around the, short circumference in such a^way as to ,ieave'the ends joined 
together 'by' ':a narrow strip. (Pic I, vThe^^eggs are laid 

in ,the hollow stumps' of bamboo: in water, which' 'contains other' mosquito^ 
■larvae. 'kWhoy are, deposited"’', during;' the, late afternoon or" early 'evening. 
MoSquitoes' in-' 'eap'tivity "layfabduL o^r S5,'eggS;eacIi day , during a 'period 
pi tl^o daj^r ' 4® fis 10 larvae of 'the 'saihe' size; have been, found^ in. 
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a siii^ie joint of a )}am])00 fence, that it lb proba].)le that in nature 
tlie female lays more eggs than when in captivity. 

Larva: The larva upon luitching measures 2 milliinoters in huigili, and is 
nearly pure white; wlien full grown its lengUi is 14 inininiei(‘rs. The general 
form and appearance of the larva uixm luitidung is the same as it is when full 
grown, except in color. The distinctive appearance of the head and ilu' lateral 
bristles and spines remains tiie same tliroughout the larval (‘xisteiuT, 

FnJhgrotra larva: The fulhgvown larva of WorvcsicrUi grulu Banks measures 
U millimeters in length, exclusive of caudal bristles, and 2.5 millimeters in width, 
exc'lusive of lateral bristles. The color is carmine on the dorsal surface and pink 
or whitish-pink ventrally. The head is <lark lirown, th(‘ eyes being nearly black. 
(PI. I, hg. 2.) 

The surface of the body is covered at certain points by dark l)rowu, ebiliiions 
plates or sclerites, from which tlie bristles and sette grow. These scleriies are 
regularly and deiinitely arranged as shown by the figure. 

The head, which is slightly more than half the length of the thorax and a 
little more than half its width, is subqiiadrate in general outline, the anterior 
portion being somewhat more acute than the posterior, the outer angles of which 
are rounded. 

The eyes are situated about lialf way from the front under a lateral, longi- 
tudinal Carina. The antennic are less than half the length of the head, have 
threes sub-apieal bristles on tlie inner margin and a single apical one. A bristle 
projects on each side of the face near the median line. Three project laterally 
beneath each eye. 

The arrangement of the thoracic bristles is somewhat the same as in Myzomyia 
ludlomi Theob. There are two distinct types of l)ristle.s upon tlie thorax. Those 
growing from the chitinous sclerites are setose or plumose, while those from the 
other portions are simple, as shown in the figure. 

The sete or hairs found upon the body segments are so arranged and of sucli 
length proportionately that when spread out laterally, w'hich is tlicir normal 
|x>sition, they make the grovss outline of the larva an aeutL‘ oval or Unis shape. 

The ninth segment and breathing siphon are of a structure meriting special 
note. The entire segment is covered with a brown, chitinous sclerite, the posterior, 
lateral and ventral edges of xvMch are minutely serrate or dentatex A single 
plumose seta projects from the posterior lateral margin, amh below this seta and 
projecting posteriad to it is a series of long, fine, gimph^ hairs. 

From the posterior portion of the dorsal margin of the s(‘gment projects a. 
small, fleshy tubercle from which there grows a cluster of long, simple hairs, ten 
' in^ number. This tubercle serves as an anchor when the larva rests against the 
side of the vessel in which it breeds. 

The anal papillie, which I shall term anal tracheal gills and winch, un- 
- douhtedly, serve as secondary respiratory apparatus, are very.Hliort and evenly 
rounded^ scarcely projecting beyond the posterior margin of the ninth segment. 

'The 'respiratory siphon is short, and stout, 'the length/ being only slightly more 
than twice ;the width of the base,. The entire surface of the siphon, with the ex- 
ception 'of.' the articulation,' 'at the base,’ is covered' by, a ■ single chitinous sclerite. 
From a small, soft tubercle at the po^crior edge of the base, fine, short, stout 
pectinate bristles project. These bristled are not as, long as the diameter of the 

A ^ ^ - u, ' ' , . ' 

Yentrad to the base of the siphon, ou each side of the eighth segment, is a 
^ cMtbmus sclerite^ from the posterior edge' of , which project 

bfdstieii, 9 m from the middle' and uhe from the ventr'al angle'. 
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TliG larva of Worcasteria grata Banks is purely eariiivorous, Imt 1 have 
never noted an instance, in which it was eannihalisTie. Three larvae 
nearly full grown, were placed in a -^-liter glass jar for two days without 
food, and during tliat time none of them attacked tlie others, altiiough 
as soon as larvae of Desvoidya joloensis Ludlow were }ait in, the}" were 
attacked by the VI" orcesterla larvae. 

The number of larva, of dilferent kinds devoured by one of Worcesteria 
grata Banks during its period of growth is quite astonishing. The re- 
eoial for three hir\m is given herewitli : 

Fifty eggs laid July 12, IBOU. Larviie hatched July 10, and all died except 
four. About four hundred larvjc of Ciilcijc fatir/am Wied., wliich hatcdied the same 
day, were fed to the Worcesteria larvae on July 10, in addition to three half-grown 
Culex larvce already in the jar. 

Five half-grown larvte of Stegompia persistans Banks w'ere fed to them on 
July 17, and ten full-grown larvm of the same species during the afternoon of 
July 17. The first molt of tlie Worcesierui larva? occurred during the night of 
July 17, and during the day of July IS they almost doubled in size. On the 
18th day of July, in the night, one larva died from an imkiiowii cause. 

Twenty-five full-grown Htegomym larvse were fed on July 18. The second 
molt occurred during the night of July 19. On July 20, twenty full-grown 
Btegomgia larvae were fed. The third molt occurred at noon of -July 21. Fifteen 
full-grown Culex fatigans Wied. larvae w^ere fed on July 22 and fifteen more on 
July 24. On duly 24 the 'Worcesicria larvae appeared to be about fiill-gTowm. 
On this date four full-grown ^tegomgia larva* were fed, and twenty more were 
given on July 25. One larva pupated on July 26 during the early morning, 
and another later on the same day. The remaining larva? ate nine Btegomgia 
larvte and pupated at 5 p. m. on July 29. 

Two adults emerged during the early morning of August 1, and the remaining 
adult on August 3. These were all females, and were from eggs which w^ere laid 
by a single female wliicli emerged in Iloilo on July 6 in company with a niunber 
of males taken from material wiiieli I had brought from jMailum in the town of 
Bago, ISTegros Occidental. 

During my stay in Negros, I w’as unable to obtain eggs of this species 
for rearing. However, the larvje were captured in considerable miiiibers 
and the follotving notes as to their growdh are given herewith: 

May 26: A nearly fuli-growni larva captured. This was the first of this species 
and was takc‘u in a bamboo joint associated with numbers of Oesroidt/a joioensis 
LudL, but on June 7 it died. 

June 7: Four nearly full-grown larvae taken, each from a dilferent bamboo 
joint. The W'ater in these cups w'as perfectly clear and clean and contained larvfc 
of Bt ego niy id saina re ti sis Jjudl. ‘ 

Jum 12: One larva pupated. 

June 14: A second larva pupated, 

June 17, 7-30 p. m,: The pupa from the larva of June 12 changed to an adult 
female. 

June 19, 11.40 a. m.: An adult emerged from the pupa of June 14. 

' June 2f):. Eight larvae were found in the liquid' in the top of a .bamboo ladder 
at the frontdoor of a' native^.house. .There, were numerous '.other larvge of Oulex 
ap. ant! ' mj\ggo,ta of ; some, other unidentified ■ dipteron. ' The liquid was composed 
, 'of,, rain watei; and, urine -voided' into the receptacle by the children 'of the house, 
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they having scooped out the larva; and brought them a half mile to the lioiise where 
I was working, as I liad promised a reward of I centavo (.$0,005) for eacdi larva 
captured. 

June 21: Ten larVcC weiu taken from a large bamboo fence; ]X)si, and two from 
each of two other posts. 

June 24; The larvm began pupating. 

June 28: The receptacle was transported 18 miles to the ('oasi where; i was 
to embark. 

June 29 : Adults began emerging. 

July 1 : All larvjB had transformed to pu])a‘. 

July 6: The last adults emerged in Iloilo. 

The total number of adults was tw^enty-four and of this numb(;r five were sav(;d 
for breeding, including two females and three males. The i-emainder, some of 
which had been slightly damaged, were killed and pinned. 

July C; The insects copulated, the females hanging from the gauze cover of tin; 
jar and the males clinging to the ventral part of the females’ bodies. These 
insects were fed upon bananas which they relishcil greatly, refusing nil oih(;r 
kinds of food, including sirups which they seemed to slum. 

July 7 ; One female died. 

July 8 : One male died. 

July 10: The three remaining insects, two males and one femab;, were, placed, 
in a large glass jar containing a bamboo joint half full of water. 

July 11; The two remaining males died. 

July 12; The female began laying eggs, continuing until July 13, the total 
number being about fifty. 

July 14: The eggs began batching and continued to do so until July 15. 

Many of the larvse died from lack of food and only four were saved, as was 
stated above. 

July 14: The female died and sank to the bottom of the bamboo joint where 
she was found on the morning of July 15. 

The life of these four larvse has been given above. 

HABITS OF rirU LABV^.. 


The larwT?, of If. grata BaB.ks remain in almost a horizontal jiOvsition 
upon the surface of the water, only going below when pirrBuing their prey 
or when disturbed. When chasing other mosquito larvai, (liey move {li- 
rectlj forward by a snake-like wriggling which is very slow ami stealtliy. 


When they have approached within reaching distamje, they make a ([uiek 
forward dart and seldom fail to capture their prey, frequently 

take ottier larv^ which have Just come to the surface^ by simply twisting 
the body and making a straight lunge for, the unsuspecting victim ; once 
they haye caught a larva, they begin eating and do not pause until they 
have consumed the entii'e carcass. Sometimes they begin at the head 
or in the middle, but most frequently they eat from the tail and forward 
while the captive still moves. Wlien at I'ert in a baniboo Joint; they 


remain anchored to the sides by the catxdal sete; their heads pointing 
toward the center. 

Larvge, when living under conditions in which they can obtain an abun- 

: fW,' ^-1 ettch large quantities tliat they grow very fat, ■ and ^ some 

’ 'hi.''' ' ' . 
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of tliem, just before the period of pupation, appear as if about to 
burst from the aceumulation of adipose material. 

Pupa: The juipa is light brown. It measures 14 millimeters in length over 
the dorsum j and 4 millimeters across the thorax. 

Two small, submediaii bristles project cephalad from each side of the dorsal 
metathoracic segment. Posterior to these, on each side of the dorsum of the 
first abdominal segment projects a tuft of fine plumose bristles. 

Eaeli of the remaining abdominal segments, except the seventh and eiglith, 
bears on its posterior dorso-lateral margin a long bristle or in some instances two. 
The seventh segment bears a spine-like bristle and four others, all growing from 
the same point. 

The pinmirie are large, nearly circular, and with a fine fringe along the outer 
margin from the vein to near the base. They are devoid of urochaetse. 

The respiratory siphons are large, but not disproportionate. Their bases are 
only slightly smaller than the apices, which latter have a sub-oval respiratory 
opening. (PI. I, hg. 4.) 

The pupa usually remains quietly at the surface, but upon the slightest provoca- 
tion swims rapidly to the bottom, except when about to transform. This operation 
generally takes place in the late afternoon. 

HABITS OF THE ADULT.^ 

Several notes have been published with regard to the habits of this 
group of mosquitoes. All agree that the members are sylvan in habitat^ 
hut observers differ as to their being harmless to man and animals. 
Theobald savvs:- 

^Tt is erroneously supposed that they are not aimoying to man and animals; 
several occasion severe irritation from their bites. Captain Janies, I. ."M. S., sends 
me the description of one [MegarMnus immisericors Wlk.) which is very trouble- 
some in India. Pie says further, in speaking of JI. separaius Arrib. : '"They are 
called "carapana' in Brazil and bite very badly in the daytime and at night.” 

Having had the good fortune to be able to rear large numbers of 
this interesting mosquito, and having read that the members of this 
group are considered to be voracious bloodsuckers, I deteimined to 
experiment in order to discover whether this species has such propensities. 
Two tilings prompted me to the conclusion that it does not suck blood — 
first, it is a purely sylvan species ; and second, the gi*oss appearance and 
manner of manipulating the proboscis would seem to point toward non- 
bloodsiicking habits. 

All the mosquitoes, both males and females were given an opportunity 
to bite, being placed upon my bare arm, and upon those of Filipinos 
and others; but aside from walking over the surface and touching it 
occasionally with the palpi and tip of the pi-oboseis, they made no attempt 
which could be interpreted as aggressive. 

' ^ For description of the adult see This Jour-rml '■{IBW) ^ 1, 779. 

Ci^Kc. (1901), '1,217. 

'®/deOTjl90a),'y3,Tl4.";' . ,, , " 
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Tlie}' fed freely upon soft banana and pineapple and a female was 
observed drinking water from tlie vessel in whieli slui was confined, l)ut 
tiiey would not sip eitlier plain or frnit syrups. 

As these experiments wore tried at all hours of tlie day and in tfie 
evening, they would seem to ])e fairly conclusive pi'ool; of the iunoceinx^ 
of this mosquito in regard to a ha])it of sucking Idood. 

I liave dissected the probosces of both nude and female speciuuais and 
wbiie each shows a development of the labnnn-e])ipharvnx wbi<h inighl 
suit it for piercing, the apices of the mandibles and maxilbu are not 
serrated, but are soft and thin and in no way adapted to piercing; while 
the dorsal suture of the tiihe-like labium is so constructed as |)ractically 
to prohibit its separation, as in the case with i)itiiig uiosqniioes when 
the piercdng organs have ])een inserted into the skin of the victim. In 
other words, the labium is 1)etteT adapted to sucking juices vdiicli lic^ 
upon the surface, while the sharpening of the labniunepipluvrvnx is 
merely a morphological relic. 

The few’- specimens of thivS species which have been ea])tiirGd as adults 
were invarialily taken diirizig the late afternoon, so ihat IF. (jraki Banks 
could not in ail probability be classified as a day mosquito. 

As the larvm of this species destroy enormous numbers of ihose of 
other mosquitoes, experiments looking towuxrd their ].)ropagatiou w'ould 
be valuable. Their introduction into tanks and other receptacles wliei’c 
mosquitoes breed, especially in gardens and dense coppices, might tend 
to their greater abundance near dw'ellings ; and even if they uvero to 
attempt to attack man, their great size Avould render tliem suHieiently 
conspicuous as to allow of their being easily driven of!, Ilowev^er, I am 
thoroughly convinced that tlie latter contingency would ,ncv(u- arise. 
(See Pis. II and III for male and female adults.) 


Desvoxoya joloBxXSIS Ludlow. 

Desvoidea fusca joloensis Ludlow, Van. JUnt (1904), 36, 230. 

LeHVoidya — ‘ Banks, This (1906), 1, 983. 

joloensis Tbeob,, Mono. ChiUc. (1907), 4, 103, lOa. 

This mosquito wms found to be abundant during the months of April, 
May and June, in upland villages surrounded by woods and barnI)oo 
thickets. It has also been taken in Manila, 


Mgg: Tho egg of this species is quite .similar in general appearance to tliat 
[ ot Megowf-ijm persistans Banks, except that it is about oneoiinth to one-eighth 
Iqngcrv and , the sideS'. are more nearly parallel. The , ends are more obtusely 
::rbuhded. 'The sculptiwe uf the air cells is’ nearly the same, except that the 
hexagonal figures are not elongated transversely. It is 0.84 millimeter in length. 


(Fh IV, fig. 1.) 


OVIPOSITION. 


A female of Desvoidya joloensis Ludl. was observed flying around the 
open bmboo cups of w’-ater upon the table in my temporary laboratory 
entered one of these andwv^s seen, to crawd down: 
takwarda- ' -When nea 




“When near the ''’Hurface of, tire 'water j,'. 
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i. e., on tlie moist zone of tlio cup, slio curved tlie abdomen downward 
and immediatel}' dc])osited a cream-while egg. This oju^ration was eon- 
tiimod until four or live eggs liad been laid. 8he tlien tlew to the 
opposite side ol* the eup^ crawling around and j)alpating the moist surface 
with the tip of the abdomen until another sped to her liking was found, 
wliereupon slie deposited several more eggs. A piece of gauze was placed 
over the cup and the mosquito continued her egg hu'ing. The next day, 
as she had appaj-ently laid all tier eggs, she was Idlled and pinned. 

The eggs hatched two days later. 

Larva: The fiill-growiL larva is 10 to 1*2 niilUmetcrs long. (PL iX, lig. 2.) 
It is either pure white, or as is more conmioii, of a pinkish hue, especially over 
the dorsal areas of tlie abdominal segments and the thorax. Oeeasionallv, a very 
dark specimen will have fainter indications of the same color on the ventrum. 

The head is very broadly oval, nearly circular in outline. The frontal area 
has four transverse simple seta\ the two nearest the median line being two-thirds 
the length of the outer ones. A bifid seta projects laterad from below each eye- 
spot and another of the same kind, four times as long, projects caudad from the 
posterior inner angle of the eye-spot itself. The terminal (second) segment of 
the antenna is very minute, being less than one-fourth the diameter of the first. 

The posterior pseudopoda are the best defined, being very large and pi'ojecting 
from the posterior lateral angle of the thorax. The mid and anterior tubercles 
are well defined, but not prolonged into pseudopoda. 

Each tubercle bears finely pectinate seta. 

The abdominal segments bear single, simple seta on their lateral margins, and 
on the posterior dorso-lateral area, a single bifid seta. In addition to these there 
are on the first, second, third, fifth, sixth, and seventh very minute, lateral bifid 
seta, hardly perceptible. Otherwise the larva is quite bare of seta. 

The respiratory siphon, which is chitinous for three-fourths its length from 
tlie tip and devoid of pecten scales, is twice the length of the eighth segment, from 
the longitudinal axis of which its axis is deflected only slightly. 

The ninth segment is very short and bears a dorsal setiferous, chitinous 
selerite, sub triangular in general outline, and with erenulate margins. The dorsal 
anchor bristles are short and pectinate, about ten in number; the ventral twice 
as long and of similar structure, being composed of eighteen setie. 

The anal tracheal gills are very robust, ellip-soidal, wldte, mottled regularly 
with gray annulations and are one-half longer than the respiratory siphon. 

Tlie lateral comb is composed of eight blunt, irregularly i^laced scales. (PL IV, 
fig. 3..) 

The length of the larval stage is about five days. 

HABITS OF THE LAKV3. 

These are the most sluggisli eulicid larva? that I have ever seen. 
They move slowly and with a forw^ard^, wriggling motion., remaining for 
long periods beneath the surface, and usually feeding among the chips 
of bamboo to be found in the cups after the tree has lieen cut clown; or 
in the case of fence 'posts, ' where the top has been trimmed. They; fall 
an' easy prey to the larv^ of Worcesteria grata Banks, which', are , nearly 
always found, where the' larvse breed. 

The, very large size' of the',: anal' tracheal gills proyides for snbaqnatie 
respiration, niid/ the insect ,hnds' its, food in the bottom, of its 'breeding 
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receptacle, ?o that it need not come frequently to the surface. As tlio 
]yorcesteria larva seldom goes helow the surface region, it must catch 
the Desvoichja larva when it rises, and tliis act it jaufonns very skilfully, 
quickly darting its head around in an arc of a circle, usijig its respiratory 
siphon as a pivot or center. The Demmdya, larva once eapiiired, makes 
very few struggles, as if realizing that it is helpless against its stronger 
foe. 

The larVfB of this species are always very fat in the latter period of 
their growth, and from this fact I strongly suspect tliem to he cauini- 
balistie, the larger preying upon the smaller, although I have never had 
ocular demonstration of this. One seldom or no^■er finds larvas of as- 
sorted sizes in the same receptacle and this would be somewhat of a ]n*oof 
that the smaller are not allowed to live with their larger fellows. 

It might be suggested that the equality of size in these larvai could be 
explained by the fact that all the eggs are laid at a given time, hut the 
adults have been seen depositing their eggs on different days in the 
same cup. 

Pupa; Length over the dorsum, 8 millimeters; of a rather light hj'owii until 
a day or so before the adult emerges, wlieu it turns black and white, the atiult 
colors showing through the pupal skin. 

Both the first and second abdominal segments bear a pair of dorsal plumose 
set®, those on the first being very much larger than the other pair. 

The respiratory siphons are cornncopia-slmped, the anterior portion of the lip 
being truncate. 

The pinnur® are irregularly oval, being broadest at tlie distal e::tremity, and 
retuse at the point where the vein meets the mai'gin. The cilia are quite long 
and extend around the^ entire distal portion from the middle of each lateral margin. 
The surface is finely reticulate and slightly pilose. 

The urochaet® are one-fifth the leng-th of the pinuunc and are straight except 
at their bases, where they are sharply curved. {PL IV, fig. 4.) 

The seventh abdominal segment bears at its posterior lateral angle a 4-parted 
pectinate spine, while the eighth has a similar longer one of ten brancli(‘B. 

The piipaa are Yery lethargic in their inoveraentKS, remaining grouped 
together at one side of the containing vessel. Tln^ i)i:i[)al stages lasts for 
three tO; four days. '' 

Tlie adult specimens reared by me conform in every respect to ih(‘. 
Uescription given by Ludlow,^ 

These insects fly in a very leisurely manner and with the hind legs 
:ieurved upward over the hack, the fore and mid legs spread out con- 
siderably from the body on, each side and the tarai recurved. The note 
made hy their wings is very low, due to the slow vftration. 

In the early morning, about daybreak, and in the early evening, they 
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are always abuiiclaiit in regions near forests. They are yicioiis biters 
and inflict a very painful sting, which lasts several hours. They occa- 
sionally enter houses. 

Stegomyia persistans Banks. 

Steg'omyi'a faseiata persistans Banks, Philip. Jonni. 8ci. (1901)), 1, 984, 996. 

Egg: The egg of this species measures 0.75 millimeter in length. It is a long, 
slender oval, slightly blunt at one extremity. It is a light gray when laid, but 
■within a very short time turns jet-black. The surface is very finely reticulated. 

The eggs are laid singly at the water line upon the sides of vessels in 
and around houses^ most frequently in receptacles containing rain water. 

The period of incubation is twenty-fonr to forty-eight hours according 
to the temperature. 

Larva: The larva upon emerging measures 1.2 millimeters and is light gray, 
with the exception of the head which is brown-gray. 

The larval period lasts seven to ten days, during wliieli the greatest growth is 
made in the first five days. 

The full-grown larva measures 10 millimeters in length and is most readily 
distinguished by the color of the respiratory siphon, which is dark chestnut- 
brown. 

The body segments, including those of the thorax, are very pale and semi- 
transparent. They are sparsely clad with setse, the three lateral groups on each 
side of the thorax consisting of from eight to sixteen setne each. The pseudopoda 
on the latero-ventral area are well defined, the ungues of the middle and posterior 
pair being prehensile, while the anterior pair have none. Small chitinous 
selerites mark the position of the mid and posterior dorso-lateral pairs of setae. 

Quadrifid bristles grow from the dorso-lateral area of the first three abdominal 
segments and dorsal to these are very short trifid setae. 

The remaining abdominal segments have long, lateral, trifid or simple bristles 
and simple to quadrifid setae of very small size on their posterior areas. 

The lateral comb of the eighth segment consists of ten comb scales, dorsad, 
ventrad, and caudad of which on each side is a quadrifid seta. The pecten 
scales are fourteen in number with a quadrifid bristle on the air tube at their 
apical limit. 

The lateral comb of the eighth segment consists of ten scales, dorsad and 
ventrad to which on each side is a quadrifid seta; posterior to the middle of 
the comb on the margin of the segment is a long quinqiiiefid, pectinate bristle. 

The general appearance of the ninth segment Is like that of Worcesterm grata 
Banks, the chitinous sclerite covering nearly the whole segment. From the 
posterior dorsal margin grow the dorsal anchor binstles to the number of six. 
These are twice the length of the anal tracheal gills (^"'aiial fins’*’ of Theobald) 
which, in turn are twice as long as the ninth segment. 

The larvie'' of ' this species may' be distinguished from those of Stegamgia 
samarefm^ LudL, by the latter having the surface of the anal tracheal gills 
covered with minute, regularly placed annular spots. In' 8. persistans Banks, 
thedrac'heffi in these gills are 4- or' 5-branched. ' 

Ventrad to the tracheal gills, on the posterior margin of the ninth segment, 
are the twelve' ventral anchor bristles of the same length as the dorsal, but less 
curved than they. ' ; 
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The respiratory si})iioii is slightly less than twice as long as the diameter of 
its base. It is naked except for the pecteii scates, a (jiiadrilid bristh' Ixd'on^ 
mentioned, and six miiinte setw at the apical extremity around the tracheal (Open- 
ing. The surface is finely, transversely reticulate or striatcx 

IIAUrrS OF TIIK LARV/E. 

The larva-* may l)e fouud in all kiiuls of reecphiiT^s whert^ waJer collocda 
in and around lioiises. They much ])refer rain water ami inigld. almost 
be called an exclusively rainv-season sjmcies, being very much mor(* ahini- 
dant at that time than during the months from Dia-emlita* to Ma.y. 

The full-grown larvae feed almost exclusively at ilie bottom, coming 
to the surface occasionally to breathe and always to molt. ,Ia the latter 
case, unless disturbed, they remain motionless for several hours previous 
to shedding their skins. 

Whenever an object comes near, or ibe vessel is jarred, all larvae go 
to the bottom where they may remain for several minutes. This foainre 
has a great bearing upon their propagation. As tlic water in inost 
vessels where they breed is dipped from above, instead of being drawn 
off from a tap at the l)ottom, the mosquito larvje are seldom dipjied up 
because they dive quickly when the surface is disturbed. .Kven in a 
pitcher in daily use and in whicb, the water is renewed when low, they 
may successfully complete their life period. Several cases of this kind 
have come -to my notice, the persons interested asseirting that the watxjr 
in the pitcher or other vessel had been renewed daily, hut never taking 
notice of the fact that the small quantity whicdi always was allowed to 
remain in the pitcher contained the larvie. 

Tliese- larvffi have never been observed feeding upon one anotheu’ nor 
upon the lar\m of Oulex faiigam Wied., with, which they are often 
associated. They feed largely upon the sedinumt contained in the dregs, 
which may be both animal and vegetable in its character, but more 
frequently vegetable, as it is composed of the bits of decaying mpa form- 
ing the roofs from which the rain water is collec.ted. 

The krv^00, in feeding, move forward over the bottom of the vesstd, 
taking in the particles of food wdth great, rapidity ami rojexhiing tiny 
morsels of undesirable material in, a constant stream. 

The larval period lasts from five to eight days. 

/ I^upa; The pupa meamres 6.5 miUimeters over the dorsum. It is gray when 
newly transformed, but soon Turns to an almost , black -brown, the markings of 
the adult showing plainly after the second day,' The pinnurai are thickly elotlied 
with fine hairs, their entire margins being likewise so adorned. The urochaetw are 
perfectly straight and are one-fourth the length of the pinuunc. A single, very 
large, simple bristle projects from the postero-lateral angle of the eiglith segment, 
while a few others are found on the postcriot dorsal and ventral areas of the 
remaining abdominal segments, 
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riie first abdoiuina] segment is omamented dorsally by a peculiar, compound, 
siibmediaii bristle. Tliis bristle, simple and stout at its point of origin, divides 
into eiglit or nine branches, each of which in turn divides into os many more, 
the last being pt'ciinate, so that the appearance under the microscope is that 
of a regularly branching tree. Anterior to each of these peculiar bristles, are 
two other simple ones. 

The respirator}'’ siphons have nO' especial mark for characterization. Their 
bases are dark brown, their apices pale ochraceous. 

Tlie pupal stage lasts for three to four days. 

The adult male and female are shown on Plates V and respectively. 

Adult: The adult insect has already been described.® 

HABITS OF THE ADiri.T. 

It would be difficult to imagine a mosquito, or any other insect, which 
could be more of a strategist than this one. It is altogether a day 
flier, individuals being seen after dark only on the very rarest occasions. 
They are extremely fond of dark objects as a place of rest and when 
found upon light-colored ones they are always on the shadow side. 

Persons wearing black stocldngs are sure to be annoyed veiy greatly 
if they sit quietly in one place for any length of time. These mosquitoes 
bite upon the back of the hands and fingers when the individuaFs back 
is turned to the window and a book is held in position for reading. The 
insects are so wary that they are killed only with the greatest difficulty. 
After gorging themselves with blood, they fly, rather sluggishly, but 
directly, to a dark corner, where they will sit upon the wall or other 
object during the remainder of the day or night. 

The bite of this mosquito is always irritating, whether it is left to 
finish its meal and quietly witlidraw its proboscis, or whether it is Idlled 
or frightened away before it has finished. A vigorous rubbing of the 
affected spot will quickly cause a. diffusion of the injected irritant and a 
rapid cessation of tlie itching, as I have proved by observations upon 
myself; but for several days afterwards, if the spot is accidentally 
scratched or lightly contused, the actual point of insertion of the pro- 
I'joscis will again begin to itch. ITsually, a tiny, red, subcutaneous point 
is all that is visible, but occasionally there is slight mdema. The bites 
of this mosquito cause the most irritation when they occur upon the 
knuckles of the fingers, a favorite place of attack. 

A 'female of this species will continue her attacks 'for an hour if she 
is contiiiuaUy driven 'Off, the insect generally flying' up and behind the 
vietim and returning at the side and under the arm' of, the chair in winch 
lie may be, sitting. Only a few minutes at rest are necessary before these 
sly pests' take the opportunity of biting,. and the killing of one appears to 

\^TUsJmrmh ( 1906 ), 1 , 

.,^ 74196—4 .V, ' : ' ' 
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bring others, or at least they continue to come, one by one, for half an 
hour or longer. 

This mosquito does not bite imniecliately when it aliglits upon, the 
hand; rather, she stands as if waiting to see if she will be rnolesti^d, and, 
if not, she probes for a moment with the tip of tbe proboscis and then 
at once inserts it. 

The males have the pecnlia-r habit of flying l.)aek and forth in front 
of anything upon which they are about to alight, dhiis they continue 
for some time, remaining at a distance of not more than five ctntiinetors 
from the object. 

Copulation: The members of this species copulate in the afternoon 
between the hours of five and six. male dancing along in the air in 
front of an object upon which a female is resting, will, after a few passes, 
fly against her. She at once takes wing, and the male, pursuing and 
flying beneath lier, clasps her mih his lore and raid feet. Tlie two 
insects fl.y in this way for about five se(iO,nds, performing tlie a(fi of coition 
and immediately separating, 1 have killed many couples by cras,liing 
them between the palms of the hand and liave invariably found them 
with the ventral surfaces toward each other. Bpecimens confined in 
small jars have been seen to copulate while the female hangs fi*om the 
gauxe covering the vessel, the male always approaching her from the 
ventral surface. 

A single male will copulate with from seven i:o eiglit fei-uales if con- 
fined in a jar witli them. After copulation, the males, as well as th,e 
females, rest upon -a vertical surface upon their fore and mid legs, keeping 
their hind legs in a constant motion above the back. One leg is usually 
elevated much above the other. 

The females have never been found feeding on anything otlier than 
blood. The males are occasionally attracted to sweets, but luwe never 
been seen to bite. 

Steoomyia -samabensis laid low. 


This species is both sylvan and domestic and while not by any means 
as abundant ill dwellings m S.. persidam Bauiks, it is a veritaJile pest 
m the forest during the entire day,, but more, particularly in tbe late 
afternoom ':h ' ' 


;/ ,Jt^may be .distinguished at once -from S. persistans Banks by the white, 
' ,'hiedian, ;dorlarl:'fe^ on the thbra^ch a rule, a, slightly larger 

i ispecies^and is active as’S. persisfmh '■ ’ 

Bgg:hmgth ' The; practically iaentical 

o f , puijr,' , being , that ^ it is 

the joint just above 

the.watey. length of the incubation period is one and one-lmlf to two days, 

q ' ‘ ^ ‘ ; 'h' ' ;y , : ' 
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OVIPOSITION. 

A female ot 8. saniarensis Ludl. Avas observed at 11.30 in the morning 
walking around inside a bamboo cup half full of water and hung in a 
betel-nut grove. Upon closer observation she Avas seen to be in the act 
of egg-laying, the process being as folloAA's: The abdomen is depressed 
or recurved until the tip comes in contact Avith the surface of the vessel, 
the insect AAmlldng around in this position until the abdominal cerei 
touch the moist surface. She stops and immediately deposits a single 
egg in the slime just above the Avater. This operation is repeated at in- 
tervals of about half a minute, but she may stop for two or three minutes 
after haA'ing laid ten or tAvelve eggs. In this case she rests, head up, 
upon the fore and mid legs, the hind legs being kept in motion. The 
female, during egg-laying, always assumes a position in which the head 
is farther from the Avater than the posterior extremity of the body. 

The eggs are pure Avhite when kid, but in less than an hour change 
to a dark, bronzy-biwn. The surface is covered with irregular, elon- 
gated he.xagonal air cells. (PL VII, fig. 1.) The eggs are eAudently 
cemented to the slime, because it is not possible to remoA'e them without 
the adhesion of a small piece of the slime , or plant fiber. 

harm: Length 9 to 10 millimeters. (PL YII, %. 2.) The larvee of &. sama- 
remis Ludl. difTer when full grown from those of B. persistam Banks in being 
clothed with a greater number of quadriM setaa upon the abdominal segments; 
and by tbe presence upon the surface of the anal tracheal gills of a regularly 
arranged series of very minute, annular spots. This is found in the full grown 
larvse of the species and is the surest means of differentiation. 

The peeten scales are twelve to fourteen on each side, wiiile those of the 
lateral comb oi the eighth segment vary in the same specimen, there being eight 
on one side and ten on the other in several specimens examined. The lesser 
number has been found always, on the right side. (PL VH, fig, 3.) 

The time required from the egg to the pupa is five to seven days, although 
larv® kepi without food have lived 15 days. 

Fiipa^: The pupa of this species differs from that of the preceding in the 
following particulars: The secondai*y branches of the eomponnd set® of the first 
abdominal segment are mudi longer, the piimune have longer fringes and their 
surfaces are not covered with pubescence; they are also longer and narrower and 
their apices are subacute while those of persistans Banks are rounded. The 
respiratory siphon is rather slender, its apex being nearly circular. 

The pupal .stage lasts two , to three days. The pups behave very 
much as those of the otlier species except that they SAvim with a longer 
stroke of the abdomen, thereby making fewer strokes to the minute. 

Adult: This species has beeh described by LAidlow.® 

\Joum. y. y. Ent. 800 . {Sept., 1903), 11; Gan. J!n#. (1904), 36, 71; Idem 
(1905), 37, 134. 
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Very great variety exists in this species, individuals emerging from 
the same batch of eggs showing marked instability of pattern. I do not 
propose to indicate or even suggest tliat they should be considered otlier 
ftiflu mere aberrations due to conditions of growth, but they at least 
demonstrate that there is a decided instability in tliis species or sub- 
species, whichever it may eventually prove to be. 1 indicate tlicni with 
letters merely for convenience: 

Yar. a.— In this specimen there is on cacli side of the mcsonotom at its base, 
a very thin, white line extending cephalad one^fourth the length of the segment, 
then curving outward exactly as the lyre pattern in B. persistans jind B. fascia la. 
This curved line is very faint. Laterad to this line is a broad, straight, silvery, 
interrupted band from the protlioracic lobe to the base of the wing, 'two speci- 
mens, both females. 

Ym\ h . — The joints of the antennse in this specimen, wliich is a male, are pure 
white on their margins. The median mesoihoracic band is very faint. 

Yar. €. — This fine specimen has the lateral band of mr. a extending dorsad to 
the base of the wing and terminating at the scutellum. The band is heavier and 
the scales are more distinct and quite silvery. The interrnptioix is very slight, 
so that except under a lens the band appears as if continuous. It is confluent 
with the white, postocular cephalic band. Below this band on the anterior area 
of the mesoplura is another white band parallel with it, but terminating cephalad 
at the prothoracic lobe. The indications of the tyre-mark, although present, arc 
very faint. It is a female. 

Yar. d . — ^This specimen has an abnormally broad median, white, longitudinal 
cephalic band. It is a male. 

Yar. e . — ^In this variety, the posterior tarsi are black, except for a very faint, 
white patch at the bases of the first and second segments. The lateral lobes of 
the scutellum are also black instead of silvery as in the typical specimen and in 
all the other varieties enumerated. 

HABirS OF THB AUtJLT. 

The adults of this species in the forest behave soiuewhai; as those of 
8* persistans in lioiises, although they are not quite so persistent in their 
attacks. Their bite is equally as painful as that of tbe other species. 
Their average size is also greater and the note made by the \^il)raivioii, of 
the wings consequently has a lower pitch. It is easily posvsible to dis- 
tinguish four distinct tones with males and females of both Bpecies 
together in a jar, those of the male of S. persistans being liighest, tlmse 
of the male of 8. samarensis next, followed by those of tlie females x^e- 
spaotively of 8. perdstans^ and S. samarensis. 

adults of this mosquito are occasionally found, in 
ihbuses and their larv® may be seen associated with those of 8. persistans 
m the cups formed by bamboo fence posts. There is no means of dis- 
tinguishing between: the larvae; by ;a casual emminafion, and, econoin- 
ically, there is really no need to do so. they should both be placed in 
the ^^pemicious^^ class. 
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111 dwellings^ these mosquitoes fly during the same hours of the day 
as do S. persistans, but are to be encountered nmch less frequently. 

HULECOETOMYIii PSECJDOTAENIATA Giles. 

Stegomyia pseuclotaeniata Giles, Jonrn. Bomlay Hat, Eist. 8oc., 13, 607. 

— ^ ’XUq ;y]2itomologist (1901), 36, il)2, 

Theobald, Mono. Culio. (1901), 1, 312. 

Giles, Handb. of Gnats (1902), 379. 

Hnieeoetomyia pseiidotaeniata Theob., Oulic. (1905), 20. 

BanlvS, Philip. Jonrn. Sci. (1900), 1, 9S6. 

Hulecoeteomyia " pseudotaeiiiata Theob., Mono. Outio. (1907), 4, 219. 

This species, which lives in pot-holes in the rocks along the banlvs of 
rivers, may properly be considered a dry-season form owing to the fact 
that only during the dry season could it breed in abundance in such 
situations, as the water is then low and the rocks are fully exposed. 

Very little is known at present with respect to the life histoiy of this 
insect. 

Egg: The egg lias not been found. 

Larw.- 'Tlie full-grown larva measures 7.5 to 8 millinieters. It is a x^ery dark 
gray, almost black, tlie epidermis being somew'hat iridescent. 

The lateral thoracic setae are pectinate, and from three to five grow from 
each tubercle. 

The pseudopoda are slightly less developed than in Stegomyia samarensis 
Ludlow and 8. persistans Banks, wdiieh this species resembles very closely, both 
as larva and as adult. 

The chief distinctive characteristic of this larva is the pi-esence upon the 
frontal dorsal area of the head of 4 palmate bristles, each being 9-11 -parted. 
Dorsad to the base of the antennae on each side of the head is a 6-parted bristle. 
The abdominal bristles are arranged much as in 8. .samarensis Ludl. 

The lateral comb of the eighth segment is remarkable in that its structure is 
entirely unlike Btegomyid and closely resembles that of Culex lazaremis Felt, 
described and figured by him from the State of New^ York.® Not only does the 
comb resemble that of G. lazarensi-s Felt, but the peeten scales are almost identical 
in shape and their number is only 5 less than that indicated in Felt's drawing.® 
Moreover, the siphon is provided with a 0-parted group of pectinate bristles at 
the distal extremity of each row of peeten scales as indicated in FelPs drawing. 

The chitinous sclerite of the ninth segment has two rows of stout, dark spines 
on its posterior border; subdorsally and ventrad to these is a single, long bristle 
on each side. 

The anal tracheal gills are three times the length, of the ninth segment and, 
unlike any others that I have examined, are sharply conical, their surfaces 
being dotted with minute annular spots as in Btegoinyia safnaremis. The dor- 
sal anchor bristles are six, the ventral from fourteen to sixteen. 

HABITS OF THE LAEV^. 

The larvae subsist upon decaying vegetable matter found in the pot- 
holes of the rocks in which they breed. They are very shy, hiding for a 
considerable time under leaves when disturbed. 

' ■'Sio. ■'' ' \ ■ 

Y. State Mm. BuU. (1904), 79, 310-311, fig. 48. 

'‘ Idem (1904), 79, 311, figs. 50 and 51. 
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The larval period probably lasts tor tea oi- twelve days, as a lai'va in 
the penultimate stage did not pupate for five days after capture and 
those in the last stage required three days before pupation. 

Pupa: The pupa of this species resembles those of HicgcnuifUi very closely 
with the following points of diirerenee: the piimurie are eireular in outline. 
The seventh abdominal segment has at its postered a teral mju’giu a 5~pa.rl.ctl bristle 
while the eighth has one of nine parts. 

The urochaet® are straight and as long as the piniiurav ''.the pupal stag’d lasts 
about three days. 

Adult: The Philippine specimen corresponds in t‘very respect with tlie dt.i- 
seription and drawing^® by Giles, including the basal white patch on the costa,. 

HABITS OF THK ADULT. 

^ Giles states that this ymosquito is found in the lower ITiinalayas^ 
Naini Tai and feldoh;, at 7/)00 feet. In the .PhiiippiiicH, ilu^ altitude 
at which they occur is scarcely more than 35 meters, (dies further says. 

found them in a small collection of clean rain water, witli some green 
confervcB in the eemeiited gutter round a 

1 do not know whether these insects are addicted to sucking blood us 
1 5vas not attacked by them during a week's stay in the region wliere iliey 
breed... All the specimens I obtained are from bred material. 

TheobalcP^ remarks that Giles’ diagnosis with respect to tlie banding 
of the tarsi will not hold good for Australian speciine.ns of the same 
species. This is likewise the case with Philippine specimens^ tlie white 
bands involving both the bases and the apices of the Joints. 

This species has been found thus far in only a single locality in tlie 
Philippines, namely, at the Montalban gorge in the Mariqiiina River 
where the dam for the new Manila waterworks is, being constructed. 

Tim FILAEIA MOSQUrrO. 

Cumx FATioAisrs Wiedemann. 

Oulex fatigans Wiedemann, Aussereurop. i::wei/L Ins. (3828), 10. 

aestuans Wied., lUd. (1828); 

— — ™ pungens Wied., IUd> (182B). 

— pallipes Meigen, Bpst, Beschr., Bupp. ( 1B38 ) . 

— anxifer Coquerel (Bigot), Ann. Boc. Mnt Fr. (1859), 117. 

Heteronyeha dolosa arribalzaga, Dipt Argent. (1890), 50. 

Cuiex maeleayi Sknse, Broo. Linn. Boc. W* B, Wales (1800), 1745, 

■ — — fatigans Theobald, Mono. GuUe. (1901), 1, 151. 

/' V-— 1 — — - — - Giles, Handb, of Gnats (1902)',' 438. ‘ 

^ The()bald, (1903), 3, 225. 

yyv" — — ^ — —7 0m. (1905), 28, 

^ Banks, PMUp. Journ. Bei. (1906), ' 1y 980. 

Handbook of the Gnats or Mosquitoes. London, (1902), 379, plate 14, 
figs.. 8 and 9. 

, =‘^A Handbook of the Gnats or MosqtutoOS. London. (1902) , 379. ' 

(1901)> 1, 314» ' , h:';,’., y 

I ' " ‘ \ I I' ‘ ' ' ' ' ‘ 
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This mosquito is by far the conuuoiiest species to be encountered in 
coast towns in tlie Philippines. It is a night flier, never attacking before 
5 o’clock in the afternoon and seldom biting after 12 midnight. 

-B(jg: Tlie eggs of Oiileo) fatdgam are laid in concave rafts whicli float upon 
the surface of the water. (PL VII, fig, i.) These rafts are usually about three 
times as long as the^ are broad and contain from ISO to 350 eggs, usually in 
six to eight rows varying in length, as wuil be seen on Plate IX. These diagrams 
represent the shapes of IS egg-masses laid in a jar of rain water in the Ento- 
mological Laboratory during the night of September 18, 1007. 

Length, 0.70 millimeters; of a dark gray, somewhat iridescent. The egg has 
a detachable, cup-shaped operculum at the base (PL VIII, fig. 2), which opens 
back when the larva emerges, but which is frequently not entirely detached from 
the remainder of the egg-shell. In the center of the operculum is a tiny pro- 
tuberance or spine which, in each egg, passes downward through a small hole 
in the center of a very small circular fringe. This fringe is composed of radiating, 
elastic filaments which, when the egg touches the water, spread out in the form 
of an inverted saucer and support the egg in an upright position (PL VIII, 
fig, 2). It has been found by experiment that a single egg, if carefully placed 
upon the surface film with the tips of the fringe toueliiiig the water, will retain 
its vertical position. As the eggs are deposited the}^ touch each other along 
their sides, and, owing to the upper end being less than the dower in diameter, 
the final result is a concave raft of eggs, each standing upright and being slightly 
glued to its neighbor. When the egg leaves the ovipositor of the female,’ which 
it does large end first, the extremities of the fringed cap are drawn together 
so that the cap has tlxe appearance of a tiny sphere adhering to the end of 
the egg. Ui)on touching water this expands as before mentioned. 

Larva: The very young larvae are pure white and very active. In hatching 
they increase their length about twice, so that they measure 1.5 to 1.6 milli- 
meters when they emerge. Length of full-growm larva, 7.5 to 8 millimeters. 
(Pi. VIII, fig. 3.) It is dark gray, the eye-spots being nearly black. The head 
is subspheroid, being slightly subtriangular anteriorl^x The antennae are one- 
half as long as the head, slightly curved. The first segment is spinous on the 
outer convex surface and aronnd its entire basal area. At a point two-thirds 
the distance from the base is a small tubercular shoulder or notch upon which 
grows a cluster of about 24 to 26 pectinate setse, each one of which is more 
than one-half of the length of the entire antennaj. 

These setae, in living specimens, are spread out in the form of a fan (PL 
VIII, fig. 4), but may be closed up voluntarily by the insect wdien it is not 
feeding. Four simple bristles project from the apex of the first segment, located 
two on either side of the base of the second segment. 

Six groups of pectinate bristles are found across the frontal area,, one at 
the base of each antenna containing twelve branches and four sufomedian of 
six and eight branches, those with eight being nearer the median line. 

Mediad to each eye-spot is a simple and a triJfid seta. 

A row' of siniple> bifid' and trifid bristles extends across the anterior area of 
the thorax. 

, Slightly ’dorsad to bach of , the middle psendopoda is a minute, plumose bristle. 
The ' posterior pseudopoda are' well developed. Dorsad to these are, numerous 
pectinate bristles, in a single cluster on 'a slight; tubercle, while the fore, mid 
and posterior pseudopoda ' are , provided with .clusters of long, pectinate , sete. • 

' Lateral,, pectinate' bristles .grow' , from the first 'and fourth abdominal segments, 
two or/ three ,on each tubercle, those 'bn the first, and 'second segments curving 
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anteriorly. Numerous other simple or tiny plumose setiu are fuimd upon i.he 
remaining segments. 

The eighth abdominal segment is two-thirds the length of the lour (nauiediiig 
(PI. Vnij hg. 5.) Tiie respiratory siphon, which is twice the length of the eighth 
segment, is completely ehitinous and is usually held at an augh^. ol ncjirly IJih’ 
to the iongitiidiiiai axis of the body. Upon its ventral surface it !ia,s four groups 
of 5- or G-parted pectinate bristles, situated about midway from ba,se t(^ apex, 
and another group composed of four short bristles liaif-way from the last of 
these to the apex; dorsally a single bristle two-thirds distant from the l)ase. 
The pecten is composed of eight to eleven scales according to the individual 
specimen. These scales are quite similar in shape to those of Oaloaj rcHUidns 
Theob., delineated hy-Felt,^'' except that one tooth is mucli longer than any of 
the others. 

The lateral comb of the eighth segment is composed of about furty-two scales 
similar in form to those of 6h lamrensis Feitd‘ 

At the base of the siphon, on the eighth segment, is a, single stout bristle, 
ventrad to which is a group of eight pectinate setie. At the posterior ventro- 
lateral margin of the eighth segment, near the j>oint of iiniun t»f the ninth, is 
another group of six pectinate setae. 

The ninth segment bears a ehitinous annular sclerite, the posterior margin of 
which is undulate and the posterior dorsal area of wdiicli is finely setose. 

The ventral anchor bristles are in twelve groups, eacli of which is composed 
of two compound set®. The dorsal anchor bristles are six, two of whicii are two 
and one-half times the length of the respiratory siplion. 

The anal tracheal gills are of the same length as the nintli segment, taper to 
an acute apex and have a few irregularly placed annular spots. 

The length of the larval period in Cukx faiigana is from six to eight days. 

These larvae breed almost exclusively in rain barrels ond in water 
tanks in houses. Another favorite place is in the large cans used lor 
drinking water or for rain water caught from gutters. The larvte iitid 
sufficient food in the decaying particles of nipa which wash down from 
thatched roofs or from the sides of rain barrels. They hang nearly 
vertically in the water^ but^'they frequently feed at the surface; in wliich 
ease the siphon is used as a pivot and the aniniaPB liead looves around 
in a circle; the body being also curved to form a half circle. 

Pupa: Length over dorsum 5.5 millimeters, color light brown changing to thirk 
brown a day before the adult emerges. The respiratory siplions nre of normal 
shape and minutely setose externally. (PL ¥111, lig. 6.) 

The second abdominal segment bears a pair of flat, plumose scUn while ihose 
of the first segment, although, plumose, have but feW' (six to seven) brandies. 

, ; 'The third,- fourth and fifth segments bear tiny compound sot® dorsally, tiiose 
; of the third and fourth being near the posterior margin, those of the fifth being 
:diaes.l and submedian.' In addition, each segment is ^ provided with dong, simple 
;b3fistles"'On' the -posterior lateral .margins. ’ On , each' side of the posterior, margin 
of the eighth segment are three tiny set®: simple, bi- and trifid respectively, ex- 
tending externally from the median line. 
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Tlie piiinuni) are subcircular, tlieir margins being excavated internally at the 
base. They are devoid of cilia and are very minutely rugose or setose. The 
iirocbaeta^ are very short, being less than one-tenth the length of the pinnuiTc. 

The pupal stage lasts two to three days. 

Adult: Length, 4 to 5 millimeters. (PL X, iig. 1.) The general color is light 
brown. In perfectly fresh specimens three faint, dark brown, parallel longitudinal 
lines are visible on the mesothorax, but in old specimens this is less apparent, 
unless they are denuded. 

The hair-like scales of the mesothorax are golden in certain lights. In addition, 
there are four well defined longitudinal rows of dark curved sette, two submedian 
and two sub lateral, on the mesothorax. 

The abdominal segments are clothed basally with flat, pale ochraceous scales, 
causing the appearance of transverse banding on tlie abdomen. 

The legs are uniformly dark brown and the proboscis, which is also dark brown, 
is unbanded, thereby distinguishing this species from C. microcmmilaius Theob., 
the only other mosquito with which it might at first sight be confounded, e.xcept 
the occasional Mansoniu utviformis Theob., which may be at once distinguished, 
by the layman, by its brorvn and ochraceous, banded legs. 

HABITS OF THE ADULT. 

This species is a domestic form par excellence, breeding only in or 
near houses in the Philippines and causing more real annoyance than 
any or all other species combined. It begins its attacks at nightfallj 
and the pests may be seen as early as 6 o^clock;, pouring into open 
windows and doors in cohorts. Their humming can be heard con- 
tinuously in a quiet room, especially if it is closed. Hardly a district 
in Manila is free from these mosquitoes and they are found in all the 
towns near the coast that I haye visited. The style of architectme pre- 
valent in Philippine towns^ where the water tanks^ reservoirs;, bath-tubs, 
cisterns^ etc.j are built in with the stiucture^ and where, in later days, 
these receptacles remain unused or superannuated, lends itself readily to 
the harboring and breeding of Oulex fatigans, and I think it can be 
stated that without doubt every house harbors and breeds its own supply 
of these pests. Invariably, when I, have been called upon to visit a 
house especially plagued with 0. fatigans, I have found larvas actually 
breeding in plain sight in sufficient numbers to supply turn such dwell- 
ing houses with adults. 

Being, as they are, purely domestic, these mosquitos are amenable 
to such simple remedial or prophylactic measures as to render it surpris- 
ing that people suffer themselves to be exposed to an annoyance and 
menace to liealth which is so easily to be prevented. In every ease a few 
drops of petroleum placed on the. surface, of the water which may after- 
ward be draim from the bottom of the receptacle without danger of 
taint, or the emptying of some unuSed vessel, will^ destroy thousands of 
larvse and prevent the .females from 'depositing their ^ It s'eems 
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proba])le that Culex fatigans is a carrier of filaria and a transmitter of 
clengned'''^ and therefore the question of its destjaiction carried on in a 
systematic and cooperative manner assumes greal-or imporl.anee. 

The attitude of tliis mosquito vvlum at rest is so cdiaracd.cudstic iuid 
so different from that of any other spc'cics^, (hat; I have drawn a, temalip 
shown on Plate IX, fig. 2-. The positioji of tlie head and prol)os(ris 5 the 
liincl legs and ohdoinen are especially to noted. Both Jiialos a;iid 
females assume this attitude. When a dark garment or a, hat is .moved 
or a clothes closet is opened during the daj;, many individuals will it 
once fly forth^ taking to another dark recess where tlioy may hide. 

I have successfully proved in my own dwelling in Ma-nila, that there 
is no need to be molested by this insect^ although I live almost entirely 
surrounded by waterways and only a few meters removed fro.m a salt- 
water swamp. I seldom see a mosquito in this place, either diiriiig the 
day or night. I personally empty all receptaclevs wliere Stegomyia per- 
sistans, 8. samarensis and Culex faiigans might !)reod, and so the only 
individuals that enter, and tliey get in only at rare intervals, are those 
that come from my neighbors’ houses, the .nearest of wliieli is 10 or 12 
meters away. 

Bauksi2?ella luteolatebalis Theob. 

Gules: luteolateralis Theob., Mono. (Julio. (1001), 2^ 71. 

^ Giles, liandb. of Gjiats (1002), 448. 

^ GileSj Journ. Trop. Med. (1904), 7, 368. 

, Gen. Ins., GMc. (1006), 27, 987, 098. 

Banksinella luteolateralis Theob., Mono. Otilio. (1907), 4, 409. 

This mosquito has been found by me in but one locality in the Idiil- 
ippines, namely, in nearly dry, grassy ditelies beljiud the laboratory 
bnilding of the Bureau of Science in Manila. 

Insects were collected in July, in the late afternoon, between 5 and 6 
o'clock. Individuals of this speejes settle very readily upon the hand 
and are not very easily frightened away. Several specimens, caughi by 
placing vials over the mosquitoes as they alighted, bit very readily. 

Their larvae have not yet been found, but some females placed in 
.captivity laid a few eggs separately upon the surface of the water, 

' always near the edge of the vessel in which they were confined. How- 
ever,, these eggs did not hatch, so nothing is Isnown of tlieir life history, 

y ^Tlie egg measures 0.63 millimeter in length, is very dark brown and 
irr^ularly oval in outline, one end being slightly more acute than the other. 
The surface is eovM'ed with circular, flat air-cells which are very minute at the 
extremities and sightly larger in the middle. The form of this egg is more like 
that of Stegomyia than of Onlesa, ' 

y ! and Craig: S'eof,, IS. (100.7), 2,.l^ 
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Theobald lias already taken this insect out of Cidcx and placed it in 
tlie genus indioatedd*^ basing bis action upon palpal and other characters. 

MANSOJSUA AKNULIFEliA TllCOL. 

Panoplites annulifera Theob., Mono. Gulic. (1901), 2, 183, PL XXX, fig. 120, 
text fig. 244.^’^ 

— Giles, Handb. of Gnats. London (1002), 350. 

Mansonia annulifera Ludlow, Gan. Ent. (1004), 36, 299; ide^i. (1905), 37, 
734. 

Theob., Gen. Ins., Gulic. (1905), 32. 

Banks, Philip. Joiirn. Eci. (1906), 1, 9S9. 

This species, like the other two of Mansoma reported from these 
Islands, is evidently "s^eiw obscure in its breeding habits, as nothing has 
been recorded with reference to it. 

It is fairly common in certain localities in the Philippines, especially 
near Manila, and it is only a question of time when its breeding places 
and habits will be known. 

A female captured at night on September IS, 1906, laid eggs on the 
same night on the edge of the water in the vessel in which she was con- 
fined. 

Egg: The egg, when recently laid, is pale bufi* colored, measures 0.82 milli- 
meter in length and at one end has a very narrow neck like a bottle. The 
surface is finely granulated and at the neck end are numerous fiat, circular air 
chambers as shown on Plate X, fig. 3. 

These eggs float horizontally upon the surface of the water, near the side of 
the vessel. 

Tlie adults of this species have never been found by me to bite or act 
as if desirous of biting, although the habit possessed by its near relative 
Mansonia uniformis Theob. is probably to be attributed to this species 
also. 

Mansonia unifokmis Theob. ■ 

Panoplites uniformis Theob., Mono, fjidie. (1901), 2, 180, 

Mansonia afrieaims Theob., Ihid. (1901), 2, 187- 
• — — — — australianis Giles, Handb. of Gnats. London (1902), 355. 
Panoplites uniformis Giles, IMd., 253. 

Mansonia uniformis Ludlow, Can. Ent. (1905), 37, 134, 

Banks, Philip. Jonrn. Bc-i. (1906), 1, 989. 

Nothing is as yet laiovn of the life histoiy of this very abundant 
species, but some interesting obsei'vations have been made concerning the 
females. They are rather sluggish in. flight and are not_ easily alarmed 
when, seeking to hite a person. These mosquitoes begin to enter dwell- 
ings which are situated near forests about dusk, and may eoutimie to 
be annoying until 11 or 13 o’clock at night. In the field they begin to 

OuUa. (1907), 4, 469. .... 

" This reads, “text % 224" in This Jmrval ( 1906 ) ^ 1 , 089, in error. 
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bite as soon as it is sufficiently dark to prevent tlieir being seen except in 
profile against the sky. The sting is very sliarp, but it lasts only for a 
short time as compared with that of OuUx faligmis V^^ied., or Stogomyia 
persisians Banks. It is almost impossible for these insects to fly when 
they are filled with blood; indeed, it is with difficulty that they ea,u lift 
themselves from the surface upon which they are standing. 

At Los Banos, La Laguna Province, on the evening of Pebriiary 
1908, I captured two females of Mansonia uniforw/is dfiieob., one ol' 
which was infested with 7 mites and the other with 1; these wore cling- 
ing to the abdomen. These mites probably belong to the family Trom- 
Hides, As the forms were all young, it is impossible to identify iliem, 
but I hope to find the adults and thus be able to place tlie species 
to which they belong. As the mosquitoes were captured wlien it was 
nearly dark and at random, and as two out of tlirec captn:rcd were 
i;afested, it is reasonable to suppose that this is a common parasite for 
this mosquito. Very few mosquitoes are known to liave parasites, 
at least in the adult stage. The parasites in question measure 0.5 
millimeter in length and are of a pale vermilion, retaining this color 
even after two months in foiinalin-alcohoL Tlie individuals, in these 
cases, were found adhering by the proboscis to the abdominal sutures and 
in drying remained attached to the host. 

It is my opinion that Mansonia miformis Tlieob. may play an equally 
important rdle in the transmission of dengue fever as does Gulex fatigans 
Wied., even if the latter be fixed upon conclusively^® as a transmitter. 
This mosquito has been reported from all the points in the Philippines 
where dengue has oeeurred among American soldiers as an epidemic 
during the last few years. 


Asbburn and Craig: This Journal^ Beet B. (1907), 2, 12S. 
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Plate I. 


Fig. 3. Egg of Worcesteria grata Banks. 

(a) Showing granular nature. 

(5) Showing differ enee in size of granules. 

( c ) Showing structure of single granule. 

(d) Showing manner of rupture of shell upon hatching of larva. 

2. Full-grown larva of same. 

3. Eighth and ninth abdominal segments of larva showing setse and respira- 

tory siphon. 

4. Pupa of grata Banks, showing pinnura enlarged at (a). 


Adult male of W. grata Banks. 
Adult female of same. 


Plate II. 
Plate 111. 
Plate IV. 


Fig. 1, Egg of Dcsvoidga joloensis Etidlow showing reticulation and air cell 
pattern. 

2. Full-grown larva of same. 

3. Eighth and ninth abdominal segments of larva showing setse and respira- 

tory siphon. 

4. Pinnura of pupa showing urochaeta curved at base. 

Plate V. 


Adult male of Btegomyia persistans Banks. 

Plate VI. 

Adult female of same. 

Plate VII. 

Fig. 1. Egg of Btegomyia samarensis. 

2. Larva, of same. 

3. Eighth and ninth abdominal segments of larva showing setae and respira- 

tory siphon. 

Plate VIII. 

Fxg. 1. Egg raft of Galex fatigans Wied. 

2, Single eggs showing cap at base, reticulation of shell, mode of doaihig on 
water and appearance after larva has emerged. 

.. I^'uil-grown larva of same. ' ■ _ ' 

4. ' Position' of lay va -afj surface of water. ' . 

,5. , Eighth, and ninth, abdominal segments of larva showing set® and respira- 
' ' ' 'dory siphon.''^ ' 

'6. Pupa of "d. 'm .natural position. ' ' 

' V V"'. ^ ' ' '' ' ' ' ' ^257 ' 
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Plate IX. 

Diagram of eighteen egg rafts of Oulcw faMgans WiecL, laid in. a. singh^ niglit iri 
jar in laboratory, showing relative lengths of tlie egg rows. 

Plate X, 

Pig. 1. Adult female of Culeio fatigam Wied. 

2. xidult female of CuJeup faligam Wied., in resting posiiJon. 

S. Egg of Mavsoma ammlifara Theoh., showing p(‘culiar Kslm]»(‘ atid large a. 
ceils near neck. 






























DESCRIPTION OF NEW CASS1D1D.E OF THE PHILIPPINE 

ISLANDS. 


By J. Wetse. 
{Berlin, Germany.) 


Prioptera schuitzel sp. iiov. 

Subrotimclata, nigra, nitida, elytrorum disco saturate brunneo-rufo, 
parum nitido, fortitev siibrugoso-punctato, bicarinato, nni-foveolato, 
antice leviter gibboso. Long. 11-12 mm. 

Bongabon, Mindoro, P. I. 

Time of capture: January, 1908. (W. Schultze, collector.) S’o. 

8383 in Entomological collection, Bureau of Science, Manila, P. I. 

Belongs to tlie species rrhieb have a large pit on the elytra and is 
distinguished not alone bj’’ its very peculiar coloi-ing, but also by the 
coarse and wrinkled punctuation .of its elytra. 

Deep black, glossy, the inner edge of the epipleurae and a naiTow in- 
distinct marginal stripe of the abdomen reddish, discal part of the 
elytra decidedly brownish-red and not very glossy. Front, thorax, scu- 
telluni and the lateral slope of the ehdra are nearly smooth. The latter 
has a broad ridge in the middle and is divided from the diseal part by 
a row of coarse punetums, which are behind the middle, pitlike, and 
divided by cross ridges. T'he thorax has a slight, flat medial groove, 
which mns posteriorly into a pit befoi’e the middle lobe. The ehdra 
are a very little broader at the base than the thorax, enlarged slightly 
in the first quarter and smoothly rounded, then less so up to the last 
third and nearly straight ; beyond that they are abniptly narrowed, rim- 
jiing also nearly straight into the sharply pointed apex. The basal 
triangle extends to a low, united, uneven cross ridge, and is separated by 
the firet longitudinal ridge, which in common with the second larger 
one snrj-ouncls ihe shallow pit on the discal part behind the cross ridge. 

This interesting species is named in honor of Mr. W. Schultze of 
Manila., who found it in all stages of development on the coast of 
Mindoro. 

Cassida (Odontionycha) picifrpns sp. nov. 

Breriter ovMis, convexiuscula, dilute viridi- vel testaceo-flava, nitida, 
antennis testaceis apice leviter infuscatis, capite piceo, fascia lata inetas- 
terni nigra, ventre in medio infuscatb,. elytris punetato-striatis, proteeto 
modice explapato, sat deflexo, sat erehre punctate. Long. 3.5-4 mm. 

: Manila, P., L ' ' ' ■. ^ ' 

■ ' 259 ■ 
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Time of capture: Janiiaiy^ 1908. (V/. Schiiltze^ collector.) No. 

8619 in Entomological collection^ Bureau of Science, ManiUi, P. I. 

Tliis species is closely related to the East Asiatic C, oblusata Boliern., 
but is not so broadly built and is easily distinguished by its darker head. 

Broad-oval shaped, slightly arched, glossy pale greenisli -yellow, or o]i 
the discal part of the upper side light brownish-yellow, the lateral slant 
lighter, greenish or yellowish. Antennse reddisli-yollow-hrown, the last 
joints broad and slightly darkened. Head pitch-brown, front nearly 
smooth, the anterior margin evenly rounded ( 6 ), or drawn forward 
above the head a little, the corners small, rounded and situated at about 
two-thirds of the whole length. Elytra at the l)ase slightly rounded, 
the somewhat acute shoulders a little broader than the thorax, the 
posterior portion slightly widened, then curved, posteriorly strongly nar- 
rowed and the apices uniformly rounded. The discal part punctate- 
striate, with a few regular, somewhat raised intermediate striae, the 
slanting part not so closely and deeply punctate as the striae. The under 
side and legs of a similar color to that of the upper side. Metathorax with 
a broad transverse black stripe. The middle of the abdomen and espe- 
cially toward the anterior half of it blackish diffused. 



LIFE HISTORIES OF SOME PHILIPPINE CASSiDlD./£. 


By W. SciiuLTZE. 

{From the Entomological Section, Biological Laloratorg, Bureau of Science, 

Manila, P. I.) 


INTIlODUCTIOlsr. 

During tlie months of November and December^ 1907^ iiiy attention 
was attracted bj^ the abundant appearance of certain species of Cassididw 
on plants in the vieinit}^ of Manila. This opportunity as well as the 
interesting accounts of this family by Muir and Sharp ^ induced me to 
work out some life histories of Philippine QassicUdce, I wish to express 
my thanks to Mr. J. Weise, Berlin^, who was so kind as to identify tlie 
species described in this paper. 

Peioptera sinuata Oliv. (PI. YI, fig. 2). 

Prioptera sinuata Oliv., Ewyl. (1790) V, 392. 

jEgg: The eggs are always laid singly on the underside of the leaves. 
The female at first deposits a thin layer of a gelatinous substance upon 
the leaf, and this, coming in contact with the air, dries very quickly. 
She then lays her eggs upon this subwstanee and covers them with another, 
very thin, gelatinous layer. The egg is thus inclosed in a flat, seniL 
transparent case. (PI. I, fig. 1.) An irregular, roofdike cover is placed 
over the whole length of the primary case, fastened to the egg-ease by 
one end onlyq the latter being pointed. This upper layer has an undu- 
lating structure. (PL I, fig. 2.) In the majority of cases/ a few 
particles of excrement are found on the upper cover. 

Larva: The young larva of P. sinuata Oliv., wdxen newly hatched, is 
yellowish, the head light browm; later, but before the first molt, the 
general color becomes light brown; head, black; the chitinous plates on 
the prothoracic segment and the two large subanal spikes also black. 
The larva has eight dull-pointed, curved and fleshy spines on the pro- 
thoracic and two short tubercles and two curved spines on each of the 
meso- and nietathoracic segments; first to sixth .'abdominal segments, each 

Trans, Bnt, Bog, Piondon, (1904), 1—21, pis. l-». 

® My ' statement is based upon the observation of about 250 egg-cases of ibis 
species. ' ' 

, ■ ■ '' , ' mi L , 



262 


SOHULTZE, 


with two flesliv, ciirved, hooked spines decreasing in size toward the anal 
segineiit; seventh and eighth segments, each witli two large, evenly 
curved, pointed spines, and niiitli sogjuent Avilh a forked pa,ir of very 
large and strong siibanal spines. All spines, except the snbanal, a, re 
beset with niiinerous small tubercles wliich ha,ve short larisiJes. Ihuon ar(^ 
also iiiiineimis, Amry small tubercles scattered ovao* the body of ilw. larva. 
On the tboracic spines tlie base is black, but town, rd the aj)e\ light 
broAvn, all other spines having the latter color. The stigunita are white, 
their centers broAvn. The larva of this species (Tl. I, ligs. 3 and 4) 
has the habit of pdaciiig its excrement in the form of very long, irregular 
filaments upon the snbanal vspines, not forming a solid shield, as a, Avholcg 
blit having the filaments arranged in snch a shape or manner that the 
mass appears like a black, fungous growth. The exuviae are (uitii'cLy 
covered so that only cephalic exuviae of the last molt are visible Just 
above the amis. The evagiiiating anus of ./k siuiiala 01 iv. is longer 
than that of any other of the six species described in this paper and it 
is a most curious sight to see this apparatus in action. 

Yentmliy, the cover or shield is somoAvliat smooth, modelled in such 
a manner that it confojnis to tJie dorsal oidJiue of the body when 
carried close to the latter. In this species as Avell as in ilie others which 
I have observed, the larva, shortly before eiidi molt, fastens itself with 
a glue to the leaf so that it has a good hold wJien puj)ating. During the 
period from the fourth molt to pupation, the larva puis most of its 
excrement as a secondary lump on top of the old cover and as the ex- 
crement disposed of in this way is not paKsted on to the shield solidly, 
it falls off when dry. 

LIFE HISTOEY. 

1907. 1907. 

November 15 Tliird molt Kovi‘i:nl)er US 

November 20 Fourth molt Dceeniber 3 

November 21 Xhipated December 0 

November 24 Adult cviaugetl Dcirejuber 15 

The full-grown krva casts tiio exorumental slileld about lialf a day 
before pupating. Only tlie exuvhe of the fifth larval stage remain on tlic 
last segment of the pupa. , 

Pupa: Tlie pupa of ,P. sinuata Oliv. (PL 1, fig. 0) is very diiTerait 
from that of any of the other’ genera of this family so far as is known 
to me. The pronotum is very short and very wide. It has two short 
tubercles in front and four curved, flesliy, dull-pointed spines. The inoso- 
and metauotum are without spines. The aljdominal spines of the larva 
are changed in the pupal stage into flat, fleshy, somewhat emwed and 
spatnlate hooks ; those on the first, and second abdoininal segments are 
ver^: .large, and curve anteriorly; the others decrease in size and curve 


Egg laid 
Egg hatched 

First molt 
Second molt 
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toward the anal segment, as in the larval stage. The whole dorsal 
surface of the pupa is covered with numerous, small tubercles. The 
stig7nata are of moderate length. 

Tills species feeds on Fremna vesfUa Scliauer. 

Prioi»tkra schultzki Weise (PI. VI, fig. 1). 

Prioptern sc]mli,zei Weise, Philip. Jourti. Bvi, (IDOS), 3, 209. 

Tlie egg-case of this species (PL I, fig. G) contains^ as in P. 
siiiuata Oliv.j only one egg and is somewhat similar in general appear- 
ance to that of the species Just described. It consists of a priniar}^ 
layer fastened to the leaf^ on which the egg is laid; it has an irregular^ 
thin, flattish cover over the whole with a curiously shaped, longitudinal 
bar fastened on top of it. Tliis longitudinal bar is pointed at one end 
and on the other it runs out into several irregular, flat appendices. 
.Laterally it has a number of broad, raised crossbars. The whole structure 
reminds one of tlie shape of the vertebral column. Some particles of 
excrement are found on the egg-case. 

Larva: The larva of P. vcliulizei Weise (PL I, fig. 7) differs from that 
of F. himata Oliv. in the, following respects. The forked spines on the 
prothoracic segment are straight and nearly perpendicular to each other; 
other spines on the pro-, meso- and metathoracic segments are straight, 
being unlike those of P. sinuata Oliv. The latter species also has the 
first pair of spines on the meso- and metathoracic segments developed 
only as short tubercles; in P. schuUzei Weise, these spines are well devel- 
oped, straight, and nearly as long as the second pair. In P. sinmta 
Oliv, the large subanal spines are curved in a peculiar way (PL I, fig. 
5, larval skin on pupa), although in P. schuUzei Weise they are curved 
to form a loop coming in contact at the middle and then recurved again. 
(PL I, fig, 8.) The excremental shield of the larva of this species, 
although in structure veiy similar to that of P. sinuata Oliv., is much 
more solid, the long filaments more regularly arranged, and, as a '^diole, 
the shield is more nearly circular. The color of this shield is not 
black, as in the former species, but, with reference to age, older ex- 
eremental filaments are darker gray than younger ones, which are some- 
times even whitish. Shortly before pupating, the larva casts off the 
exerementai shield and as in P. sinuata Oliv. only the last larval exuvi® 
remain on the pupa. (PL I, fig. 8.) The latter differs from that of 
P. sinmta Oliv. in the following details : tubercles on the pronotum not 
as strongly pronounced and shorter; flat, spatnlate hooks on the first and 
second -abdominal segments larger and more sharply curved; the pair on 
the third segment very long and narrow, pointed, triangular and bent 
toward the anal segment; the general color of the pupa is porcelain- 
white, ' mesonotum light brown; two small' light-brown spots occur on 
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tlie pronotiim and fourth abdominal segment^, and two lai'ge^ black spots 
on the inetanotiim and on each of the second and tbi.rd segments, 

I found tiiis species feeding on Premna inleyrifolia idnii. on a dry and sandy 
beach, near Bongaboii on tlie east coast of Mindoro, }\ I., in tlie niordli of 
January, 1908, in all stages and quite niimorous, 

Aspidomobpha milluus Uabr. (FI. VI, tig. 0). 

Aspidomorpiia miliaris Fabr., ^yst, Ent., (1775), 91. 

Egg: The egg-case of A. miliaris Fabr. (PI. Ill, tig. 1) is a very 
remarkable and complete structure, similar to that of ri, pmwiicoski 
Bohem., and the latter is so well described by Muir that it is not 
necessary for me to repeat his statements concerning tb.e proc^ess and 
manner by wdiieh the ootheca is built np. However, I found that the 
egg-clusters of A. miliaris Fabr. differ greatly in size and in the number 
of eggs wFich they contain. The number of eggs in one ootheca varies 
from 32 to SO."^ All ootheca which I observed have eight longitudinal 
rows of cells. The four middle rows contain the eggs; the others, two 
rows on each side, being air chambers. The complicated structure of 
the egg-case of A, 7niUaris Fabr. alone, indicates that this species is much 
more advanced in its development than its near relatives. 

Larm: Larvas of A. mil/iaris Fabr. always live in groups or com- 
munities and they pupate together. The newly, hatched larva of A. 
miliaris Fabr. is light ochraceous-brown. In this species, also, the subanal 
spines are extremely long. The larva has eight spines on the pro-, 
four on the nieso-, and four on the metathoracic segments; abdominal 
segments each with two spines. All the spines are nearly straight, those 
on the seventh, eighth and ninth segments are longer than the otliers, 
and the foixed subanal spines on the ninth segment are curved. JSUini- 
bers of white spinules occur on all spines. The color of the spines is 
dark, with lighter-brown toward the base. Head and legs are also 
dark brown, lighter along the sutures. The general color of iho larva 
(11. Ill, figs, 2 and 3) is eroaiuy- white, but. toward the margius and 
segmental articulations oehraceous. On the i)rothoranic segment, iiidica- 
tions of a ehitinoiis sclerite appear, marked with two irregular, dark- 
brown spots. The mesothoracie segment has two black antemedial and 
two brown submarginal spots; metathoracic segments with two large, 
black antemedial, four smaller, submarginal brown, spots, and one small, 
black, nearly round, medial spot on the posterior half of the segment 
First to seventh abdominal segments, each with two irregular, oblong, 
blaCiC antemedial, two submarginal, and one small nearly round medial 
spot, the latter on the posterior half of each segment The seventh 

'' ^ , , , ' ® Ug. ciL, p. 2.^ ' ' 

; V,/ , ^ '^Observation, of 10 egg-clusters. 
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segment has two medial spots. All spots are arranged in longitu- 
dinal rows. Stigmata white and of moderate length. The larv® of 
A. miliaris Eabr.^ when feeding, place tliemselYes in a single row 
close together along the margin of the leaf; however, when resting, 
they form an oval figure all heads being directed toward the center. 
(PL II.) The exuviaa are carried pei'pendiciilarly to the body. The 
habit of pasting the particles of excrement on the exuviae is still 
indicated in this species, as the larva puts its filaments very loosely 
on the last exuvise, but these filaments fall off at the slightest motion 
of the larva. The full grown larva, about two days before it pupates, 
fastens itself upon the leaf with a glutinous substance generally head 
downwmrds. Only the fifth larval skin lumains on the pupa. During 
the pupal stage, as in the larval, the individuals remain in groups. 
(PL lY.) 

LIFE HISTOEY. 


Eggs laid 
Eggs hatched 
First molt 
Second molt 


1907. 

November 5 
November 15 
November 17 
November 21 


Third molt 
Fourth molt 
Pupated 
Adults emerged 


1907. 

November 24 
November 2S 
December S 
December 13 


Pupa (PL III, fig. 4) : Yellowisli-oehraceous, two black spots at the 
posterior margin of the pronotum and two antemedial spots on each of 
the first and second abdominal segments. The pronotum of the pupa is 
about twice as broad as long; marginal area semitransparent and with 
four short, dark brown hooks in front. The spines on the first to the 
fifth abdominal segments of the larva are developed in the pupa into 
flat, semitransparent leaflets prolonged laterally into a black spine. All 
other spines of the larval stage are absent in the pupal. Stigmata of 
moderate length. The food plants of A. miliaris Fabr. are Galmyction 
hona-nox Boyer, Ipornwa triloba L., and Ipomm pes-capm (L.) Both. 

Adults: The adults of A, miliaris Eabr. (PL YI, figs. 6--9) are 
extremely variable, with reference to coloring. Pig. 6 represents the 
most common foi'm. The direction in which the change of coloring 
takes place is as follows : the black spots become enlarged and connected 
by longitudinal or transverse bars. (PL YI, figs. 7 and S.) The varia- 
tion shown in fig, 9 is a rare form. In this the central portions of 
the el 3 dra are entirely black. Whether or not these variations are due* 
to seasonal dimoi*phisin must be left for further research. 

I have noticed instances of very peculiar behavior on the part of all species 
which were closely observed. In the act of copulation, the female puts the fore 
and middle legs close together, attempting by strong, sidewise ihotioiis to shake 
the rhale off. It appears that by doing so, this female coquetry has the contrary 
result^ 'and it suggests seduction ,oh her part. ‘‘Cum' finis est lioituSj etiam medi-a 
sunt 'licitaA 
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Gassida pioifkons Weise (PI. VI, fig. 3). 

Cassida (Odontionyeha) pieifrons Weise, This Jourml, current niiiiiber, 

Bgg (FI. Ill, fig. 5) : in a tliin priinajy ease, I'asteiied to tlie loaf 
by a very tliin, semitransparent and stnootli cover. The eggs ar(3 laid 
singly, rarely in pairs, bnt always nnclor an individuaJ c.ovnv, on tiio 
underside of the leaf. ITsnally some particles of! excroruont are found 
on the cover. 

Larva: The young larva very ninch resembles tliat of AL triviilata 
Pabr., not alone in shape, bnt also in its behavior, as it places its excre- 
ment in a like manner on the long, subanal. spines, but forming a more 
irregTilar and loose kiiiip than tiiat of AL triviUata Pabr. The very 
young larva is yellowish-white, later the color becomes light green and 
as the skin appears transpamiit, the different organs are visible as lighter 
01 * darker markings. The first pairs of inner spines of the protboracic.* 
segment are curved, the others .straiglit and all of about the same lengtli. 
The first pair on the meso- and metathoracic segments are two-thirds tlie 
length of the second pair, which are as long as those on the prothoracic 
segment; spines of the first to fifth abdominal segments smaller than 
the former, decreasing in length toward the latter segment. The spines 
on the sixth to eighth segments iiun*ease in size again, the ninth segment 
having the longest spines. Tlie spines have spinnles on them similar to 
those of ill. Livittata Pabix These larvm (PL III, fig. 6) place their 
excreta loosely beWeen the different exnviax 

LIFE niSTOKY. 

1907. 1907. 

Egg laid December 2 Third molt December 10 

Egg hatched December 7 Fourth molt December 20 

First molt December 10 Pupated December 23 

Second molt Deccmiber 12 A<lult eiiKirged December 2(5 

Pttpa: The pronotnm of the pupa (PL III, fig. 7) is not as rounded 
as in i¥. irivittaia Fahr. ; the surrounding spinules are vsomewhat ir- 
regular in length. First to fifth abdominal segments ]arn( 3 l]ato(l ami 
surrounded by spinules. Lamellation on first to fourth segment drawn 
out into very long spinas. Stigmata white, tracheae® excrescent, the 
relative length of each to the other being as follows: tracheae of first 
and second segments equal, one-third the length of that of the third 
segment; of the fourth segment twice as long as the one on the first 
segment and of the fifth segment but half as long as that of the third 
segment (1-1-3-2-lf ). ^ ■ 

This. species feeds on Amaranius spinosus Linn. 

'excrescent tracheiB may prove to be very valid specific characters. 
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Meteiona tetvittata FaLr. (PI. VI, iig. 4 ), 

Metriona trivittata Fabr., Syst, Eleuili. (ISOl), 1j 397. 

Egg: The egg-case of M. trivittata Fabr. (PL T, iig. -1) is somewhat 
similar to that of P. .^uiuata Oliv.;, but more perfect in its structure. It 
is laid on tlie upper or under side of the leaf and alwa 5 ^s contains a single 
egg. The egg itself is inclosed within a very thin primary case and 
tlie latter is placed under a remarlvably perfect roof-like cover fastened 
to the leaf. This cover is thin and has two nearly parallel^ longitudinal 
carinin, which are somewhat excurved at ojie end^, but run together at the 
other end where they are ])ent and erect. The area between the earimn 
has a semicircular impression; but the area outside of this is sloping. 
(PL V; fig. 5; diagram of cross-section.) iSTumeroiis regular^ fine striae 
are visible. The egg of this species is always free from any excrement al 
(iivering.^^ The color of the egg-case is a very pale green. 

Larva: Shortly after hatcliing and before feeding, the young larva 
expresses a kind of glutinous substance which it pastes with its long 
evaginatiiig anns upon each one of the long, subanal spines in the shape 
of a tiny drop. Later it places the particles of its excreta upon these 
spots of glue, so that about twelve hours after hatching, a union is 
effected between the particles on the two subanal spines. The larva 
(PL Y, fig. 6) disposes of its excrement in this manner only during the 
period from hatching to the fii’st molt, that is, in building up a cross-bar 
between the two subanal spines. 

The laiu’a of ill. trivittata Fahr. (PL Y, fig. 'I) is very fiat and of 
a uniform green color, only the spines are somewhat lighter, tlie stigmata 
being white. The color of the larva corresponds exacth' with that of 
the leaves of its food plant {Iporntva triloha L.). The larva has thirty- 
two marginal and two snhanal spines; the former, with the excep- 
tion of the inner slightly curved ones on the first pairs, are straight, 
the shortest being situated on the tliird, fourth, fifth and sixth, the 
longest on the seventh abdominal segment. All of these spines are beset 
laterally with minute spimiles. The forked subanal spines of tins larva 
are very long, in fact even in the full-gTown ones at least half as long 
as the whole body and two of the exuviae are transfixed by the above- 
iiientioned spines. In tliis species the exuvijB are fastened to each other 
in a manner similar to that in A. miliarls Fabr. ' The larvjB of iff. 
trivittata Fabr. are found mostly on the upper sides of the leaves and 
cany their exuvi^ behind them, lying flat to the leaf, but wiien disturbed 
they bend, the mass np over the dorsum as ' a protecting shield for the 
body. All laiwal skins 'remain on 'the pupa. 

® Observation of about 200 eggs. 
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LIFE HISTORY. 


Egg hatclicd 
First molt 
Second molt 


1907. 

November 17 
November 27 
November 30 
December 2 


Third molt 
Fourth molt 
Pupated 
Adult emerged 


1907. 

December b 
Deccjiibcr 9 
December 15 
December 19 


Piipa^ (PL V, fig. 8) : Exterior line of the proiiotum oval and with 
a marginal row of spimiles of wliieli two pairS;, anteriorly, are very prom- 
inent and twice as long as the others. Lateral margins of the finst to 
sixth abdominal segments lamellated;, semitransparent and sun’ounded 
by a row of spiniiles of wiiich those at the point are longer tlian the 
others^ the lamellation decreasing in size toward ihe sixth segment. 
Stigmata wdiite^ tracheae slightly excrescent^, but very long on the fourth, 
segment. The pupa is of the same color as the larva. This species is 
the most common of those described in this paper and is found dui'ing 
the entire year. 


Lacopteba philippixensis Blanch. (PI. VI, fig. 3). 

Laeoptei’a pMlippinensis Blanch., Fo?/. Foie Sud, (1853), 4, 321, plate .18, 
fig. 14, 

Egg: The egg (PL V, fig. 1) is in a thin pidinary case; laterj under 
a perfect cover, fastened to the leaf. There is always a large quantity 
of excrement present on the central part of the cover. Its margins 
show numerous, regular impressions. The egg is laid on the upper and 
under sides of the leaves and the egg case contains only a single egg. 
This species difiers in this respect from Lacoptera excavata Boheni., as 
Muir ^ observed that the eggs of this species were laid with from two to 
four in each case. 

Larva: The young laiwa of L. pMUppinensis Blaneli. is yollowisli, 
later it turns brown, the cliitinous plates on the prothoracie segment 
being still darker. The larva (PL V, fig. 2) has spines on the 

prothoracie segment, two forked pairs in front being slightly inirved. 
All the spines are irregular in shape, not straight, and have minute 
spinules, even the very long, subanal ones having some towaixl the base. 
This larva also uses its excrement in forming a solid fiat, roughly 
triangular shield or cover. As in L. excavata Boheni., at each molt the 
old skin is worked into the shield, yet is not covered entirely with ex- 
crement, skins of the heads and feet of different molts stiir remaining 
visible. The larva is found most frequently on the upper side of tlie 
leal' ' 


loo. cit, p. 8. 

: :«Tbe lam of U pMUppinensis Blanch, differs also 'in this respect from D. 
emmaU Bohem.' as the, latter species has only 'six spines on the' prothoracie 
segment, (Muir,,' loo. cib ?L V, fig. 27a), 
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LIFE HISTORY. 


Egg laid 
Egg hatched 
First molt 
Second molt 


1907. 

NoYember 11 
November 17 
November 21 
November 23 


Third molt 
Fourth molt 
Pupated 
Adult emerged 


1907. 

Noveinber 25 
November 29 
December 7 
December 15 


- Pupa: The general color of the pupa of L. phiUpplneusls Blanch. (PL 
Y, hg. 3) is ochi*aceoiiS“brown. with a few dark-brown inarldngs around 
Che stigmata and on the discal areas of tlie segments. The pronotnm 
has a. slight incision in front and a marginal row of spimiles., of which the 
two pairs in front are larger and more strongly developed than the 
others. A triangular medial area is somewhat raised, it slopes toward 
the onter margiiL ending in two impressions toward the inner margin ; 
the outer margin of tlie first to the fifth abdominal segments is lamel- 
lated, semitransparent and with a marginal row of spinnles. Stigmata 
bro wiL trachaB excrescent^ more so on the fourth and fifth abdominal 
segments. L, pliilippinms'is Blanch, feeds on Lpomoca triloha L. 


SUMMARY. 

The question of the purpose of the peculiar excremental coyerings, 
filaments or armatures arises in the study of the different stages of 
Oassididce. Several authors have expressed their opinions. Weise men- 
tions the excremental coverings^ etc., as a shelter against draught, and 
Cand^ze considers them as a protection against enemies. I haye noted 
the following facts bearing upon the above-mentioned theories, during 
the observation of a few hundred specimens of the different species: 
the eggs of the different species are found on the upper and under 
surfaces of the leaves, with the exception of those of one species (Cb 
picifrons Weise), in which instance they are encountered only on the 
under surface; with or without excremental coverings (in two species 
entirely without such covering, namely, *“1 miliaris Pahr. and df. in- 
■viUata Pabr.). It seems to me that the placing of the egg on the lower 
surface of the leaf would be the first protection against draft/ the 
covering being a secondary one. Again, the excremental covering would 
be a protection against parasites. Of all the eggs wdiieh I observed, only 
one, A. philippmensis Blanch., was infested by U' parasite (Ohalcididw) . 
The lan^a of P. sinmta Oliv., as well as those of F. sclvultzei Weise and 
L, philippimnsis Blanch., live mostly on the upper surface of the leaf 
and are concealed under the excremental shield when resting, although 
when they' move about they carry the cover in a position nearly perpen- 
clieulax to^ The body. If molested liy another insect, or by the shaking of 
the leaf,' they' bend the shield over themselves as a protection., The solid 
part of the, shield entirely covers the' abdominal segments dorsally, for 

®'' Small 'pieces of leaves' with tbe eggs attached,, were 'cut out' and placed in 
glaS'S , dishes' with covers. ' In"the course, of a .day, the small fragments of leaves, 
were ''perfectly ' dry and brittle, although the eggs, hatched just the same. 
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the reason that the skin in this place is not as hard as on the fciioracic seg- 
ments^ which are protected by chitinoiis plates. The larvae of .*1. mi karts 
Fabr., which live closely together in groups, act in a slightly differeni way. 
If one is disturbed, it begins to liick with its old skins. The birvm sitting 
next to it, or even the whole group, take np the motion and in iruivson 
they strive to frighten the enemy away. I have noticed this action 
repeatedly. The larva of M. trivittaia Eabr., when resting, carries its 
old skins behind, lying flat on the leaf, but when it is moving around, 
they are perpendicular to the body. It also uses its old skins in a way 
similar to A. miUaris Fabr. I have applied the following test many 
times. The larva, when molested wdth a liair, tries to touch the latter 
with the old skins, with the intention evidently of removing tlie annoy- 
ing object. The pup?s of Prioptera and Aspidoniorplia miliaris Fa])r. 
do not retain the old skins, but only the last one of the larval stage by 
which they are fastened to the leaf. The newly transformed pupiu are 
extremely sensitive and when touched give several sharp flicks. During 
the later period of the pupal stage, they do not react as easily, the 
reason probably being that during the early portion of this period the 
skin is quite soft, but during the latter part hand enough to give sutTRcrieiit 
protection against parasites even without the old skins or shields which 
are retained in the other species. 

The infection by parasites probably takes place during the periods of 
the different molts, as in those stages the larva?, are quite helpless. The 
larvae of 3/. trivittata Fabr. were often infested by a fly {Mtiscidae Tra- 
cJiinae), tliQ larva of which, after becoming full grown, builds its pu- 
parium inside of the larval skin of 3L trivittata Fabr. Pupae of .4. 
miKa?i$ Fabr. were often infested by a small Glialcididaei^^ as many as 
150 emerging from one pnpse. 

In consideration of facts concerning the usefulness of all excrcmental 
coverings, or axmatures, etc,, observed on the different species mentioned 
in this paper, the theory of Oandeze seems to me credi])le, and I believe 
that the curious striietiires are used principally as a ])rotcction against 
parasitic e?iemies. 

Note. — ^After my paper was in type I happened to see tbe following paper: 
"'"On the egg-eases and early stages of some South China Gassiclithe’’ by J. C. 
Kershaw and Frederick Muir in Trans. Tint. Soc. Xjomt (1907) p. 249. It is 
worth mentioning that 0. ptoifrons Weise and L. pHUppin&nsk Blanch, differ also 
in their egg-laying habits from O. oUusata Boheni. and L. ehmmsis Fabr., a.s the 
latter species lay more than one egg under the egg cover. With refeimice to 
the summarizing sentence of Kershaw and Muir, I still believe that protection 
against parasitic enemies is the ^*rmson d'Stre” for the development of the egg- 
cases and larval appendages. 

: ^ Mr . Banks and anyself observed the act of copulation on these Hymenoptera. 
The 'adiilt parasites make a few tiny, holes in the; pupal skin of the host. The 
'males, after emerging, stand' 'girard around each of the 'holes thus made, and as 
aoon^^as a female eomes, 'but,, the act' of, copulation, which 'is extremely' short, - takes 
'place. , ' ; - , ' ; , ' . ^ 



ILLUSTRATIONS, 


Plate I. 

Fkj. 1. Eg-g of Prioptera sinuafa Oliv. witli the Lii>p(‘r egg-aiso cover re- 
mo ved, X IE 

2. Egg-case of Prioptara sinuala 01i\g X 0. 

”3, Larva of Priopiera svniiaia Oliv., resting position, X 5. 

4. Larva of Pnoptcra sinuata Oliv., with the excreinental shield bent back- 

ward, X 5. 

5. Pupa of Priopiera sinuata Oliv., X 5. 

6. Egg-case of Prioptera sclmlt^ei Weise, X 10. 

7. Larva of Prioptera sckultz'ci Weise, X 5. 

8. Pupa of Friojjtera schultzei Weise, X 5. 

Plate II. 

Groups of larva* of AspidomorpJm miliar is Fabr., natural size. 

Plate III, 

Fig. L Egg-case of Aspidomorpha miliaris Fabr. Lateral section, X 5. 

2. Larva of Aspidomorpha miliaris Fabr. after fourth molt, X 5. 

3. Laiwa of Aspidomorpha miliaris Fabr. shortly before pupation, X a. 

4. Pupa of Aspidomorpha miliaris Fabr., X 5. 

5. Egg-case of Gasskla pieifrons Weise, X 10. 

0. Larva of Cassida pieifrons Weise. X 8. 

7. Pupa of Oassida pieifrons Weise, X 12. 

Plate IV. 

Group of pupje of Aspidomorpha miliaris Fabr., natural size. 

Plate V. 

Fro. 1. Egg-case of Laeeoptera philippinensis Bohem., X 10. 

2. Larwa of Laceoptcra philippinensis Bohem., X o. 

3. Pupa of Laccopfera pMlippinemsis Bolieiii,, X 5. 

4. Egg-case of Aleiriona trwittala Fabr., X 10. 

5. Section of the egg-case of Meiriona tririUata Fabr. 

(h Larva of Metriomi imAttafa Fabr. after first molt, X 10. 

7. Larva of 2l€triana trknffata Fabr. after fourth molt, X 5, 

8. Pupa of 3!cfriona irivittaia Fabr,, X 5. 

Plate VI. 

Fig. L Prioptera schiilt::^ei Weise, X 

2. Prioptera sinnata Oliv. , X iL 

3. Ldeeoptera pMUppinemis Bohem., X 3. 

4. Metrimm iririitaM Fabr., X 3. 

5. Gassida picifrom^ Weise, X 3.' , ■ 

''&..AspiipmorpM milians Fabr.,, 'X, 3.' ' 

7, '8,' and. 'Vamtions of AspidomorpM milmris Fabr., .X 3. 
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PROTHYMA SCHULTZEl, A NEW SPECIES OF PHILIPPINE 

ClCiNDELID/E. 


By Walthee HoE^■. 
{Berlin, Germany.) 


$ Pr. lucidicolUs Chd. parum. affiais; multo major; fronte prope 
antemiarum insertionem viridi et inter oculos maculis 2 parvis discoli- 
dalibus cyaneis ant viridibus omata, ceteris froiitis partibns et vertice 
et pronoto (hujus totis niarginibus lateralibns et solxim modo bine 
inde snlcis transversis viridi-eyanescentibus) eupro-aeneo- splendentibus, 
elytris atro-cyaneo-purpuraseentibus nitentibus, ad marginem panllo cla- 
rioribus (parte bninerali margin^ili interdum eji-aneo-yirideseente) ; labro 
flavo, dente Juxta-mediano acuto, mediano ceterisque 4 obtnsis aut 
deficientibus ; fronte magis exeavata inter ocnlos, panllulnm angustiore 
(proportione magnitudinis totina corporis!), strigis justa-orbitalibns 
grossioribus ; prothorace coidenter longiore, parallelo aut ante basim 
perparum dilatato; elytiis multo longioribus, parte suturali et apicale 
planioribus; maculis 3 albescentibus marginalibus ; bumerali sat magna 
ut in ilia, 2 eereris paullo magis a margine distantibus, media panllulnm 
obliqua (intus et posticem versus descendente). Corpore subtus ceruleo 
et eyaneo, epistemis interdum bine inde violaeeis; pedibus (femorum 
parte media aeneo-metallica, basi plus ininnsve testaeea) et 4 primis 
antennanun artieulis (3° et 4° interdum plus minusve testaceis), nigro- 
cyaneo-purpureis ; palponmi articulo ultimo nigricaute, eoxis 4 anterio- 
ribus (postieis metallicis cum apice parvo testaceo), trochanteribus flavis. 
Coxis postieis in disco sparsim punctato-setosis. Long. 12-14 nun. 

2 $ $, Eomblon In.sula (Pbilippinae), a Lorn. R, C. McGregor 
collecta. 

Typus No. 2049 in eollectione “Bureau of Science,” Manilensis. 

1 9 differta 2 $ S labro brunnescente, marginibus kteralibuS dilu- 
tioribus, dente mediano magno pmato; pronoto ante basim perparum 
angustato; elyteorum apice . paullo breviuB rotundato pauUoque minus 
applanato; femoribns nifo-testaceie, genis anguste metallicis; tibiis prox- 
imaliter et penultimo palponnn maxillarium articulo bnmnEscentibus. 

I $ Sibuyan Insula (Pbilippinae) j a Doku E. C. McGregor eoUeeta- 

Typus No. 1965 : coUeciione ^‘Bureau 'of Science,” Manilensis. ■ ' • ■ 
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There is but little resemblance at first sight, between this bright 
species and the little Fr, lucidicollis Chd., although the characters given 
above seem not to be so striking (we must remember that tlie whole 
genus belongs to those that are exceedingly poor in good distinctive 
characters!). The beautiful, red-golden color of the front and pronoiinn 
contrasts very well with the almost black-purple (shining) elytra. The 
large size and parallel form are equally remarkable. The fine sculpture 
of the front (rougher near the eyes), is longitudinal, that of the 
vertex and pronotum transverse, the median line of the latter is very 
slightly impressed, the sulcus on the base (between the free posterior 
margin and the posterior transverse strangulation) deep and well marked 
throughout. The punctures of the elytra are separated each from the 
other, only on the posterior third (near the suture from the middle) 
are they slightly confluent. Five slight, indistinct impressions are to 
be seen on each el3dron: running down a shoid distance from the 
interior margin of the humeral spot ; at the first quarter, nearer the 
suture than the lateral margin; anterior to the median and apical spots; 
and just before the apex. 

The penultimate joint of the labial palpus is slightly thickened. The 
$ seems to have the prothorax slightly narrowed towards the posterior 
strangulation. 



NOTES ON A COLLECTION OF BIRDS FROM SIQUUOR, 
PHILIPPINE ISLANDS. 


By Eichaed 0. McGeegoe. 

{From the Zoological Section, Biological Laboratory, Bureau of Science, 
Manila, P. I.) 


Siquijor is a coral-rock island with an area of about 235 square 
kilometers; it lies in close proximity to the large Island of Negros, 
there being little more than 19 kilometers of water intervening between 
the two. As clearly explained by Worcester,^ its birds must have come 
into the island during comparatively recent times and three of these have 
developed into well-marked rej^resentative species, namely, Dicmuni desti, 
Loriculus siquijorends^ and lole dqidjorensis. It is also noteworthy 
that none of the Megapodiidce, Turnicidce, Bueerotidt^; Picidce, Dicru- 
ridm, Sittidw, Paridm, or Timeliidce are known from Siquijor, although 
each of these families has representatives in adjacent islands. 

The list of species here recorded is derived from a collection made 
in Siquijor by Mr. Andres Celestino, assistant collector. Bureau of 
Science, in September, 1907, and in April and May, 1908, There are 
here listed nine species not previously known from Siquijor which 
with the 87 species given by Worcester and Bourns ^ make a total of 
96, and there seems to be little probability of this number being greatly 
increased. 


LIST OF SPECIES E'OW EECOEDEB FEOM SIQUIJOE FOE THE FIKST TIME. 


Excalf acioria Umaia. 
Galmnas nicoharica, 
^Actii'is Jiypoleucos, 
Bubulcus coromandus. 
Falco ermsti. 


G acorn ant is m erulm us. 
Acanthopneuste bofealis. 
Motacilla melanope. 
Anthns gustavi. 


^^Proo:U. B. Nut Mus. WB.sh. ( 1898 ), 20 , 581 . 
-Proe. U. B. ¥M. Mus. WsLsh. ( 1898 ), 20 , 564 . 
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LIST Olf SPECIES COLLECTED.’ 

PHASIAN1D>E. 

Excalfactorsa lineata (Scopoli). 

One male and one female, in adxiK plumage, were colleetccl. 

Sitjiiijor is a iiexv locality for tins v^pecies where li is known as ^'bun-tog, 

Galius gaiius (Limuinib). 

One jungle eock was collected. 

TRERONID>E. 

Osmotreron vernans iLinnacus). 

Two adult males ot this handsome wood-dove. The eggs are pure 
white: two collected April 11, 1908^ measure, 30 by 22.6 and 31.6 by 22.4. 
Two eggs collected at a somewhat later date ineasuiej 27.5 by 21.2 and 
27-3 by 21.2. The nest of this dove is a thin platform of coarse root- 
lets and tendinis with a few larger sticks as a foundation. Tivo or three 
dead leaves are scattered among the rootlets. The greatest diameter 
of the nest collected is about 200 millimeters and the greatest outside 
depth less than 30 mm. 

Osmotreron axillaris (Bonaparte). 

Tour specimens in fine plumage have the wings slightly longer than 
do specimens from more northern islands, but the colors are not dif- 
ferent. An egg taken from the oviduct of a female on April 15;, 1908^ 
measured 30 by 23.7. 

Phapitreron albifrons McGi'egor. 

Two specimens of the genus Phapitreron can not bo disiinguisbed 
from P. alhifrons of Bohol. 

Muscadivores chalybura (Bonaparte). 

One male and one female of the imperial fruit ])igeon arc of this 
common variety of M. mnm. 

Myristicivora bicolor (ScopoU). 

One specimen of the nutmeg pigeon. 

PERiSTERID/E. 

Streptopelia dussumieri (Temxninck). 

Two specimens of this common tnrile dove. 

Cbalcopbaps rndioa (Linnseiis). 

One specimen. 

metric system is used in all measurements here recorded. The vernacular 
|iveh under various species were found in use among the residents of Ihe 
tod werd collected by Mr. Celestino. 
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Calosnas nicobarica (Liimajus). 

One female speeinien and two live examples of tlie Ijandsoiiie Xieobar 
pigeon were secured in Siqiiijor, a new locality for this widely distrib- 
uted species. 

RALLiD>E. 

Hypotaenidia torquata (Linnaeus). 

One female in„fine^ adult plumage: tlie local name is "'Holing:' 
Amaurornis phosnicura (Forster). 

One full-plninaged male and one slightly immature male; in tlie 
latter the breast is somewhat mottled with slaty gray. Xame in Si- 
q nil oiv "'em i-yao/' 

LARlDvC. 

Sterna boreotis (Bangs). 

One male was taken on September 7, 190?. 

CHARADRHDAE. 

Squataroia squatarola (Lhiineus). 

ik male in intermediate plumage was taken September 6b 10OT. 
Charadrius fulvus (Gmelin). 

A male in intermediate plumage was taken September 6;, 190?. 

Actitis hypoleucos (Linnaeus). 

A female was eolleeted in September, 190?, Siqiiijor is thus added 
to the long list of islands from which this common sandpiper is known. 

ARDEID/E. 

Nycticorax manillensis Vigors. 

A fragment, consisting of head and neck, is identified as belonging to 
the Philippine night-heron. 

Bubuicus coromandus (Boddaert). 

A male of the cattle egret in breeding plmnage. This species is 
called ''ta~Ia~h6ng'' in Siquijor. Not previously noted from that island. 

ANATID/E. 

Dendrocygna arcuata (Horsfield). 

A male of this common tree-duck. 

FALCONID>C. 

Haliastur intermedius Gurney, 

This common /buzzard is represented by the tail of an iiimiatiiro in- 
dividual. It is known in Siquijor hb 'Hm-nog/' 

Faico ernesti Sharpe. 

A fine male 'falcon is identified as being of this rare species. Although 
in someiyhat immature plumage, ■ a number' of feathers, on flanks and 
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thighs, particularly on the latter, show the characteristic smoky gray- 
color and the close-set, black bands. The measurenumts of tliis specimen 
follow: Wing, 300 luillimeters ; tail, 160; bill from front of cere, 21; 
tarsus, 45. The name of this species in Siqiiijor is “a-na-nwng-quU.” 

BUBONID/C. 

Ninox philippensis Bonaparte. 

The single male obtained in Siqnijor does not differ from specimens 
taken in Lnzoii. 

CACATUID/E. 

Cacatua hsematuropygia (P. L. S. Miiller). 

Two males of the common Philippine cockatoo. 

PSlTTAClDyC. 

Tanygnathus lucionensis (Linnajus). 

Two males collected. 

Loriculus siquijoretisis Steere. 

This distinct species is similar to L, mindorensis but the red patch 
on the forehead ends in a point instead of ending squarely and the 
red patch on the breast covers about one-half the area that it does 
in L. mindorensis. The native name is ''co-lan-sV 

ALCEDINID^. 

Alcedo beagalensis Brisson. 

One specimen. 

Halcyon guiarls (Kulil). 

One male specimen of this common Idngfisher; it has two names in 
Siqnijor^ ''mlc-ia-ta'' and ''ma-nalc-sak/^ 

Halcyon chforis (Boddaert) . 

One slightly immature female. 

MEROPID>E. 

IVIerops philippinus Linnasus. 

Two specimens. 

CYPSELIDyE, 

Collocalia troglodytes Grray. 

One male specimen; known as "'sai-dof' 

CUCULIDyE. 

Cacomantts menuUnus (Scopoli). 

This common cuckoo is called “yoir-U” in Siquijor ; this is the first 
neeord of ite occurrence in: 

Eudynamis tnlbdanensis (Liirnseua). 

The male collected shows no peculiarities,. The local name is “m- 
ta-hao/’ , ; ■ ■■■■/' f . , ' ' ^ ' ■ 
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Centropus viridis (Scopoli). 

The local name is "vul'-cul:.” Tlie fresh eggs, taken on April T, 1908, 
measure 30.6 by 2.5.6 and 31.1 by r35.T. They are pure white. The 
nest was composed of sticks and had a small entrance in one side, the 
entire top being covered. The nest was built in a small bush at the 
height of a man’s head. 

P!TTID>e. 

Pitta atricapilla Lesson. 

Two specimens were obtained of this uddely distributed ant-thrush. 
Its local name is “uao-lid.'" 

HIRUNDINID/E. 

Hirundo javanica Sparrmann. 

One specimen. 

MUSCICAPlDyE. 

Hemichelidon griseisticta (SwinLoe). 

One male specimen. 

Cyornis philfppinensis Sharpe. 

One specimen; this species is known as ''ca-man-ti-go?if* 

Hypothymis occipitalis (Vigors). 

One female. 

Rhipidura nigritorquis Vigors. 

Tliis common flycatcher is called '"ha-Ii-d-W in Siqnijor. 

CAMPOPHAGID/E. 

Laiage niger (Forster). 

IsTame in Siqnijor ^'hti-ga-ung-onf 

PYCNONOTiD/E. 

lole siquijorensis Steere. 

This intei'esting species appears to be fairly abundant in Siqnijor 
where it is Imown as 'Hig-ba-ya:' Its nearest relatives are L monticola 
of Cebn and L cmereiceps of Tablas. It differs from either of these 
species in having the top of head seal-brown without asby gray tips 
to the feathers. 

TURDIDAE. 

Petrophlla man ilia Boddaert. 

One female specimen ; kmown as ''yu4a yil-iaf" 

Copsychus mindanensis (Gmelin), 

One male specimen; called '^a-ni-nt-hol/' 

Prat incola caprata (LinnaBiis), 

' One female. 
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SYLVUDvC. 

Cisticola exilis i X'igors and ilorriUeld) . 

This coiiiiiioii grass warbler is called '' [n-roV' in Siquijor. 

Acanthopneuste borealis (Blasius). 

This Biigratorv warbler seems to have been unnoticed by previous 
collectors: two specimens were taken by Oelestino. 

ARTAMID>E. 

Artamus leucorynchus (Limmis). 

One specimen. 

LANilDyC. 

Cephalophoneus nasutus (Scopoli). 

Three specimens in good pliiuiage. 

Otomela lucionensis (Liii?ia‘us) . 

One specimen in iinniature plumage. The name ''li-bd-ltW is us('d 
for both Otomela and Geijlialoplioneim, 

Hyloterpe apoensis Mearns. 

A. male from Siquijor agrees with numerous specimens of Tlyloierpc 
from Bohol and these are best identified with 11. apoenm, at the same 
time it may be noted that the single male of typical apoensis before 
me has a slightly smaller bill than any of the Bohol specimens or tlm 
single male from Siquijor. 

ZOSTEROPID/E. 

Zosterops siquijorensis Bourns and Worcester, 

K'umerous speeimeus; known as ''hmlahoc/'. TliivS bird is closely 
related to the species found in Basilan and Bolud. I)iit in the* Siquijor 
species the sides of the ])reast are mwoli lighter gray. 

D\C/EW/E. 

Dicaeum faesti Bteere. 

A fair series was obtained of this near relative of I). cinMcngalare. 
Bocal name ''pis-pis''\ 

Dicaeum pygmaeum (Kiitlitx). 

One specimen of this plain flower-pecker. 

NECTAR! NUD>€. 

C in ny n*s sperata ( Lmaanis ) . 

Two adult males. 

Ci n ny fi s j u gw I a r i s ( LinTiaeus ) . 

One female. '' ' d' 
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MOTACILLID/C. 

Motacilla melanope Palhis. 

Two females in rather jintn plumage sea’ve To a<i(i one more to the 
islands from which this species is known, its iiaine in Siqiiijrsr is 
''a-n(i~nol'-ij6(T\ 

Anthus rufulus Aleiliot. 

Known in Siqiiijor as 
Anthus gu St avi Swinlioe. 

One specimen ; not previously known from Siquijor. 

ORIOLID/C, 

Oriolus chinensis Liniueus. 

One specimen of this large orioke 

STURNID/E. 

Sarcops meianonotus Grant. 

TJie two bald starlings collected in Slqinjor cmtainly approach this 
recently naiiied race. 

Lamprocorax panayensis (8eopoli). 

Twn specimens. 

CORVID/E. 

Corone philippina (Bonaparte). 

The Philippine crow' coiieludes the list of species from Siqiiijor. 




SOME NECESSARY CHANGES IN THE NAMES OF 
PHILIPPINE BIRDS. 


By Eichard C. McGeegoe, 

{From the Zoological Section, Biological Lnhora tor y, Bureau of SeioncC', 
Manilu, P. 1.) 


Afyco fongimembris (Jerdon), 

Striw Candida (not of Latliam) Tickell, Join*, As. Roc. Bengal (1833), 2, 572. 
Btriso longimemhris Jeedox, Madras Jonrn. (1SS9), 10, 86. 

Dr. CliaiievS W. Eiclimond Tnites me that the name iisiiallT applied 
to the grass owl is preoccupied hr Striv Candida- Latham, Suppl. Ind. 
Orn. (1801), p. xiv which is a synomm for the snowy owl. The next 
available najne is the one used by Jerdon. 

The generic name Strix Linn^ns is replaced by Ahu^o Fleimig. Cf. 
Aidv (1908), 25, 370. 

Wiegaiurus tweeddalei new name. 

Megalurus ruficeps (not of Sykes) Tweeddaee, Ann. & Mag. Xat. Hist. 
(1877), 20, 94; Proc. Zodl. Soc. ( 1877 ), 695, pi. 72. 

The name Megalurus ? ruficeps is used ])y Sykes for an Indian species 
ill Proc. ZooL Soc. (1832), 91. As this invalidates the use of this 
name for the Philippine species, the latter, figured and described by 
Lord Tw-eeddale, may be Imowii as Megalurus tweeddalei. 

Zosterops bohoiensis new name. 

Zosierops Imta (not of De Tis) McGeecoe, PML Joiir. Sei. (1907), 2, Sec. 
A, 329. 

The name under -which the silver-eye of Bohol was described had been 
used before for a species from iSTew Guinea, see Zosterops ■hefa De 
Ibis (1897), 385. The Bohol species may therefore be^ named for the 
island which it inhabits. 

Cinnyris henkei Meyer, 

'Oinnyris henhei jMeyee, Zeitsclir. filr Ges,,Orn. (1884), 207, pi. 7. 

Cinnyris tohiteheadi Grant, Bull. Brit. Orn. Club (1804), 2, 1; Hus (1894), 
514, pi. 14, fig. 1, , ' 

The black-backed sun-bird, described and figured by Grant as Cinmjris 
wldteheadi, finds an earlier name in Cinmjns henhei as indicated by 
DuboiSj Syn,,Av. (1902), S99. 

,74196- — 8' , ^ ' y , 2^3 




PHILIPPINE ORNITHOLOGICAL LITERATURE, I, 


By Richabd C. McGregor. 

[From the Zoological Division, Biological Lahoratorg, Bureau of Science, 

Manila, P, I,) 


This is the first of a series of papers having for its final object a 
complete bibliography of Philippine ornithology. Primarilv, however^ 
these papers are intended to indicate exactly what works are available 
in Manila and to explain the bearing of each paper or volmne on the 
study of Philippine birds. Particular effoiT will be made to record, 
promptly, recent and current publications which deal specifically with 
the Philippine omis, but older works and those of a more general 
character will be included. Each installment of Philippine ornitholo- 
gical literature will consist of about fifty titles and will be issued from 
time to time as material becomes available. 

G-adow, H. : Paridse and Laniidse (titmiee and shrikes), and Ceidhio- 
morphss (creepers and nuthatches). Cat. Birds Brit. Mus. London 
(1883), 8, 1-386, pis. 1-9. 

This essential volume contains synonymy, keys, and descriptions of all 
species of titmiee, shrikes, and nutliatches known at date of publication. Ko 
Philippine species is figured. 

Gadow, H.: Fectariniid^. Cat. Birds Brit. Mus. London (1884), 9, 
1-126, pi 1. 

This essential volume contains synonymy and descriptions of all species 
of sun-birds known at the date of publication. IsTo Philippine species is 
figured. 

Grant, W. E, 0.: Steganopodes (cormorants, gannets, frigate-birds, 
tropic-birds, and pelicans). Pygopodes (divers and grebes). Cat, 
Birds Brit. Mus, London (1898), 26, 329-5o8, pis. 5a-8. 

This includes synonymy, keys, and descriptions of all Philippine species 
in the Steganopodes and Pygopodes known at date of publication, l^o Phil- 
ippine species is figured. This work is essential. 

Gmut; W. E. 0',: Biicerotes and Trogbnes. Cat. Birds Brit. Mus. Lon- 
don (1892), ^ 17, 347-497,’ pis: 13-17. 

Synonymy, keys, and descriptions of all the known trogons and hornbilis. 
' Ko plates ^ of Philippine species, new genus ’ for ’ 

• cer# lemprieri Sharpe. ' This work is essential. 
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Grant, W. E. 0.: Game birds- ( Pterocletes, Gallium, Opistliocomi, Henii- 
podii. Cat. Birds Brit. Miis. London (1893), 22, 1-588, pis. 1-S. 

Deseriptions and synonymy of aJl 35*hilippine species of McgapodUiliv, Plia- 
sianidce^ and Turnicidw are included, but no plates of l^liilippine species. 

Grant, W. E. 0.: On tlie birds of the Philippine Islands.- — Part I. 
Mount Arayat, Central Luzon. Ihis (1894), 406-411. 

This is the first of the series of important papers by Grant on the collec- 
tions made by John Whitehead; 40 species are listed. 

Grant, W. S. 0. : On the birds of the Philippine Islands. — Part II. 
The highlands of north Luzon, 5,000 feet. Ilris (1894), 501--522, 
pis. 14 and 15. 

This is an important paper on a collection of 94 species from (vicinity 
of Trinidad?), Bengiiet Province. Two new species, Muscicapula hi^oniensis 
and Gittia secholijni, are described and the following 17 species, first char- 
acterized in Bull. Brit. Orn. Club, are more fully described: Scops longicornis^ 
Oriolus alhiloris, Bioparola nigrimentalis, Merula thomassoni Seebohm, 
Gliimarrhornis Mcolor, Zosterornis whiteheadi, Eijloterpc alhivcAitris, Lanius 
'validirostris, Dendrophila mesoletica, JSthopijga flamp&ciiiSf Eudrepanis 
jeffcryi, Ginnyris toMieheadi, Cinnyris ohscurior, Dicamni Imoniense, Dicawum 
olscurumj Loxia lu^zoniensis, and Ghloriira ‘brunncivcniris. Two species, 
Eml}e7'im pusilla and E, sulfuraia, are recorded as new to the Philippine 
avifauna. Cinnyris ichiteheadi, Stoparoki nigrimenialis, Zosterornis white- 
headi, and Chimarrhornis hieolor are figured on the two plales. 

Grant, W. E. 0.: On the birds of tlie Philippine Islands. — Part III. 
The mountains of the Province of Isabela, in the extreme northeast 
of Luzon. Ibis (1895), 106-117, pis. 4 and 5. 

This important paper lists 30 species from Isa,bela Province and contains 
additional notes on Oriolus isubellw and 0. alhiloris, which were previously 
described in Bull. Brit. Orn. Club. Zosterornis striatus is described as new; 
Munia formosana and Gotile sinensis are added to the Philippine list. 
Zosterornis sinatm, Dendrophila mesoleuea, ESihopyga {lawipeclm, and 
Eudrepanis jefferyi are the subjects of the two plates. 

Grant, W. E. 0.: On the birds of the Philippine Tslancls. — Part TV. 
The Province of Aibay, southeast Luzon, and the adjacent Island 
of Catandnanes, Ibis (1805), 249-267. 

This paper lists 46 (?) species from Aibay Province and 48 species from 
Catandnanes. Additional descriptions and notes are given of GaMaeops 
periopthalmica, Zosterops lusionioa, and Cinnyris ewcellens which were 
previously described in Bull. Brit. Orn. Club. There are extended notes on 
variation in Burcops cdlvus and Prioniturus discurus, Garpophaga polio- 
^eephala is recorded from Luzon for the first time and Emherim spodocephala 
from Catandnanes is recorded as new to the Philippines. 

Grant, :W. E. 0,: On the birds of the Philippine Islands, — Part V. 
The highlands of the Provinee of Lepanto, north Luzon. Ibis 
(1895), 433-4-72, pis. 12-14. 

■ Notes on 1 10 species. Additional descriptions of Bcops longieornis, Beops 
wMtehcmli, Rhvmmyias insignia, Luspimola \smhohm4,' :0€Uia ^S€GhQhmi 
Braehypteryw poliogyna, Pseud^tMrrhalms mudatus, Zosterops ■ aureiloris, 
Pyrrhula Uueogenis, BatraGhostomim i^^ Priomturm m^ontu- 
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nus, ivincli were previously described in Bull. Brit. Orn. Oliib. OoUoealm 
■wliitelueadi is described as new'; Cinwjris ob&curlor is rejected as being based 
on 0. jugularis in worn piuinage: Pitta kochi and Ptilopiis warchei and tlie 
females of Dicwiun xanthopygium and Vittocinehi hi.voniensis are fully 
described. Kotes on plumages of Mavrupyyia tcnulrostris ; Falvo srvenis 
added to tlie Luzon list; Vercluieis tinnuncalus and (JollovaUtt JincJii added 
to the Philippine list. 

Grant, W. E. 0.: On the birds of the Philip)pine Islands. — Part YI. 
The Ticinity of Cape Engaho. northeast Luzon, Maniia Bay. and 
Piiga Island, Babuyan Group. This, (1896), 101-128, pi. 3. 

Additional notes and descriptions of Piphia enganensis, Hypsvpetes fiigen- 
sis, Orttiotomus chloronotuSj and Zosteroniis deiinistomii all previously 
described in Bull. Brit. Orn. Club. Critical notes on the plumages of 
Accipitci' gularis, Yoimg male of Parus seniilarmtiiH described. First 
Luzon record of Fregata minor. Notes on the Eudynanis of Fuga. Ortho- 
iornus chloronotiis and Zosterornis deniiistouni are tigured on the plate. 

Grant, W. R. 0.: On the birds of the Philippine Islands. — Part YII. 
The highlands of Mindoro. IHs (1896), 457-411, pL 11. 

A list of 52 sj)ecies with numerous notes. Ninoii? nmulorensis and Turdm 
mifidorensiSy new species. Garpophaga mindorensis Whitehead, is re- 
described and figured, Locmtella ocJiotensis is recorded, for the second time, 
from the Philippines. Notes on sp. inc., later described by Whitehead 

as B. mindoremis. A useful key to the Philippine species of lyngipims 
is given. 

Grant, W. E. 0.: On the birds of the Pliilippine Islands. — Part YIII. 
The highlands of Xegros. Ibis (1896), 52o-565. 

A list of 86 species; Artamides cehuensis, Turdns 7iigroriimj Bracliypteryis 
hrunneweps, and Oittocincla nigroruiUt new species. Keys to the Philippine 
species of Oriolus, Bhimmyias, Artamides, and Edolmoma, Oriolus hasila- 
nious, new name. First Negros records for Tmiygnafhus everetti and Bur- 
niculm velutinus; first Philippine record for Ciiculus m-icropterus. dole gui- 
marasensis is considered to be distinct from dole pMlippensis; Mmiia hrmi- 
neiccps is considered to be the worn plumage of If. jagort. Notes on the 
plumages of Bpilornis panayensis and Falco ermsti. 

Grant, W» E, 0.: On the birds of the Pliilippine Islands. — Part IX. 
The Islands of Samar and Le}de. Ibis (1897), 209-250, pis. 5 
and 6. 

A list of 93 species with numerous notes. Additional notes on Pithe- 
Gophaga jefferyi, Ehahdorms minor, and Khahdornis imrnatuSs which were 
previously described in Bulk Brit. Orn, Club. MicroMeraa^ meridionulu is 
described as new; notes on Oey^o; female of Microstietus fuUgimsim dGsevihed. 
Keys to the Philippine species of Orthotomm, Macronus, Zoste}*ornis, and 
Mhahdornis. PoUolophus 'basilmiicus is considered, not distinct ' from P. 
urosUct'US. Eight species newr.to Samar and 14 species new to Leyte. ' 

Grant, W. E. 0.: Ondhe birds coiieeted by^ Mr. Walter 'Goodfellow on 
the' volcan©\of Apo and in its' -rieinity, in ' southeast Mindanao, 

' ; 'Philippine Islands., Ibis (1906), .'465^505, pis. 18 and 19. ' , 

^ ' A list of 124 species with many*/ critical and field motes. , Hypoorgptadius 
, \ 'mnmmgmem^^ 'MMmmyim goodfelhm, and Perioroeotm joknstonm 'are, 
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figured. This paper lists no new species but contains redescriptions of many 
species previously described in Bull. Brit. Orn. Club. Geociohla midromeda 
recorded as new to the Pliilippines. Four species, Caprimulgus griseaius, 
Turdus ohscurus, Anthm maoulalus, and Anlhiw gmtavi, are noted as new 
to Mindanao. 

Grant, W. E. 0., and Whitehead, J. : On the nests and eggs of some 
rare Philippine birds. Ihis (1898), 281-247, pis. 5 and G. 

Short descriptions and measurements of the eggs of 3G species, mostly 
from specimens collected by Whitehead. The two plates illustrate the eggs 
of sixteen species. 

Hargitt, E. : Scansores, containing the family Pieida3. Cat. Birds Brit. 
Mns. London (1890), 18, 1-598, pis. 1-15. 

Synonymy, keys, and descriptions of all the woodpeckers known at date 
of publication. The Philippine species figured are Ghrijsocolaptes rujopunc- 
tatus and Thripo^uios pectoralis. This book is essential. 

Hartert, E. : Cypselidaa, Caprimulgidse, and Podargid^ie. Cat. Birds Bril;. 
Mns. London (1892), 16, 434-G52, pis. 10-14. 

Synonymy, keys, and descriptions of all swifts, night- jars, and frogmoiiths 
known at date of publication. Plates of Caprimulgus griseatus and Lyncor- 
uis mindanensis. Essential for a study of these families. 

Hartert, E.: Die bisher bekannten Vogel von Mindoro, iiebst Bemer- 
kangen iiber einige Vogel von anderen Inselii der Philippinen- 
Grnppe. Jour, fur Orn, (1891), 87-206, 292-802. 

ISTotes on 68 species, mostly from Mindoro. The introduction contains a 
short account of the work done by Philippine collectors. 

Kutter, E, : Beitrag znr Ornis der Philippinen. Jour, fur Orn, (1883), 
1-28 of reprint. 

An annotated list of 54 species collected by Koch and Sohadenberg at 
Sibulan, southern Mindanao. Crauoalus kocMi is the only new species. 
Ttmgipicus maculatus is added to the Guimaras list 5 Gollocalia Unohi, 
Lamus nasutus, Mypothymis superoiliaris, Zcocephus rufus^ Dertdrophila 
(xmochlamys, Oooyeerca everetti, and Msacalfactoria ohinensis are recorded for 
the first time from Mindanao, 

Salvadori, T.: Catalogae of the Colnmbse, or pigeons, in the colletdioii 
of the British Museum, Cat Birds Brit. Mus. London (1893), 21, 
1-676, pis. 1-15. 

Contains synonymy, keys, and descriptions of all doves and pigeons known 
at date of publication. Osmotreron amllaris is tbe only Philippine species 
figured, Phahotreron occipitalis is described as new. This volume is neces- 
sary for a study of the Columbse. 

Salvadori, T, : Catalogue of the Psittaci, or parrots, in the collection 
of the British Museum. Cat. Birds Brit. Mus, London (1891) , 20, 

1— 660,jpls. 1*^18. 

Contains synonymy, keys, and descriptions of all the known parrots. The 
Philippine species figured are: Tanygmihm m&tctU^ Tuuygnathus hurhidgei, 
,and Bolbopsittacus intermedins, the last a new species. JBolbopsittadus is a 
new genus with Psiitacus luimkbtus Soopoli as the type. This volume is 
^ the to^of.the parrots. 
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Salvadori, T. ; Anseres. Cat. Bii-ds Brit. Mus. Londoa (1895), 27, 
23-93, pis. 1-5. 

An important reTiew of the ducks, geese, and swans wdtli keys, synonjiuy, 
and descriptions. Dendrocygna guthilata is the subject of Plate 1. 

Salvadori, T. : Oa a rare species of lorikeet in the Eothscliild collection. 
Ibis (1891), 48-51, pi. 3. 

Description and plate of Lorieuhis honap&rtei. 

Salvador!, T. : On Melaniparns seinilarvatus. Ibis (1879), 300-309, 
pi. 9. 

Plate and notes on this species. 

Salvin, 0.: Tubinares (petrels and albatrosses). Cat. Birds Brit. Mus. 
London (1896), 25, 340-465, pis. 1-8. 

A review of this order with keys, synonymy, and descriptions. The only 
Philippine species is described on page 370. 

Saunders, H.: Gavid® (terns, gulls, and skuas). Cat. Birds Brit. Mus. 
London (1896), 25, 1-339. 

Synonymy, keys, and descriptions of all known species of gulls and terns. 
No Philippine species is figured. 

Sclater, P. L. : PittidsE and Eurylsemidas. Cat. Birds Brit. Mus. London 
(1888), 14, 411-449; 454-470. 

Synonymy, keys, and descriptions of all the pittas and rollers known at 
date of publication. No species from either of these families is figured. 
This is an important -work. 

Seebolim, H. : Catalogue of the Passeriformes^ or perdiiug birds^ in tbe 
collection of the British Museum. Ciclilomorph^ : Part II contain- 
ing the family Tiirdidse (warblers and thrushes). Cat. Birds Brit. 
Mus. London (ISSl)^ 5, 1-426^ pis. 1-1 S. 

Synonymy, keys, and description of all species known in this group at 
the date of publication. LoGustellu fasciolaia is the only Philippine species 
among the plates. 

Sharpe, R. B* : Catalogue of the Accipitres^ or diurnal birds of pre}% in 
the collection of the British Museum. Cat Birds Brit. Mus. London 
(1874), 1, 1-480, pis. 1-14. 

Synonymy and descriptions with keys of all species of eagles, hawks, etc., 
known at time of publication. The Philippine species figured are: Astur 
mloensiSf Astur vu(mloideSi and Bam magnirosiris. A necessary ■ volume. 

Sharpe, E. B. : Catalogue of the Striges, or nocturnal birds of prey, in 
the eoEection of the British Museum. Cat. Birds Brit. Mus. London 
(1875), 2, 1-336, pis. 1-14. 

Synonymy and deseriptions with keys of all species of owls known at 
date of publication. No Philippine species is figured. A necessary volume. 
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Sharpe, E. B. : Professor Bteere’s expedition to the Philippines. Bakin 
(1876), 14 , 297, 298. 

A short account of Steere's lirst expedition to the Philippines and brief 
preliminary descriptions of ten now species: MirijUvwm sicerli, .Phf/Uonilfi 
pahmanensis, Brachyurvs f^icenh sEUiopytfa, miujmfivAi, .'KfJiopyga shclleyi, 
AUhopyga piilGhcrnnia, Anmhnothcra (Ululior, Di('<vuni dormlo, Diewum 
Kypolmcum, and Dicanm- hwnuitosticdum, 

Sharpe, E. B.: Catalogue oi' tlie PasserLionncv^ or pcrchirig birds, ;iu the 
collection of the British Muscinru Colioinorphie containing the 
families Corviclag Baradiseidm;, Oriolidm, i)ici‘iu*idab and Prioiio- 
pid^. Cat. Birds Brit. Mns. London (1877), 3, pis. 1-14. 

Synonymy, keys, and descriptions of all species of tJie families named 
in the title. Oriolus sieerii new species is the only Philip])ine species 
figured. An important work, 

Sharpe, E. B.: Catalogue of the Passeriformes, or perchiiig birds, iu the 
collection of the British Museum. Cichlomorplue : paj't 1 contain- 
ing the families Cainpopliagidm and Muscieapidm. Cat. Birds Brit. 
Mus. London (1879), 4, 1-494, pis. 1-14. 

Contains keys, synonymy, and descriptions of ilie species in the families 
named. The work is important. No Pliilippine species is figured. 

Sharpe, E. B. : A contribution to the avifauna of the Sooloo Islands. 
ProG, Zool 8og. London (1879), 311-317. 

Notes on 20 species mostly collected by Biirbidge in the island of Suhi. 
The new species described are TmygnatJms burbidgii and Gallm sirami- 
neicollis. 

Sharpe, E. B. : A list of the bkds of Labuan Island and its dependencies. 
Proc, Zool 8oc. London (1879), 317-354, pi. 30. 

A list of 137 species largely from the collections of Low, Ussluu*, and 
Treacher, with valuable notes. The paper includes interesting references to 
a number of species which range to the Philippines. 

Sharpe, E. B. ; Catalogue of the PaSvSeidfonnes, or perching birds, iu ihe 
collection of the British Museum, (.'iddoinorplim : part III contain- 
ing the fix’st portion of the family Timeliidm (babbliiig-thriishes). 
Cat. Birds Brit. Mus. 'Loudon (1881), 6, 1-122, pis. 1-18. 

An important work on the first part of the Timeliidw with keys, descrip- 
tions, and synonymy. The Philippine species figured are: lok rufitfularis, 
Criniger f rater, and Oriniger palawamnsis, 

Sharpe, E. B. : Catalogue of the Passeiiformes, or perching birds, in the 
collection of the British Museum. Cicliloinorpluu ; paid IV contaiu- 
ing the concluding portion of the family Timeliidse (babbling- 
thrushes). Cat Birds Brit Mus. London (1883), 7, 1-700, pis. 

An important work on part of the, family Timeliidw with keys, synonymy, 
and descriptions; no Philippine species figured. 
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Sharpe, E. B. ; Description of a new species of liornbili from the Island 
of Palawan. Proc. Zool 8oc. London (1885), 446, pi. ,-36. 

Description and plate of A^iitJiracoceros lemprieri. 

Sharpe, B. B. : Catalogue of the Passeriformes, or perching birds, in tlie 
collection of the British Museum. Priugillifornies : part I contain- 
ing the families DicffiidiE, Hirimdinidm, Ampelida;, Mniotiltidas, 
and MotaeillidEe. Cat. Birds Brit. Mus. London (1885), 10, 1-683, 
pis. 1-13. 

Synonymy, keys, and descriptions of all the flower-peckers, swallows, and 
wag-tails known at date of publication. Philippine species figured are Mota- 
cilla ocularis and Motaeilla flava. A very important volume. 

Sharpe, E, B. : STotes on a collection of birds made by Mr. John White- 
head on the mountain of Kina Balu, in northern Borneo, with 
descriptions of new species. Ibis (18ST), 435-454, pis. 13 and 14. 

Cryptolopha mentis new species, described. 

Sharpe, E. B.: On a collection of birds from the Island of Palawan. 
Ibis (1888), 193-304, pis. 3 and 4. 

A list of 129 species collected by Whitehead. Eight new species are 
described: Prioniturus cyaneioeps, Bam leucopias, Syrnium wMteJieadi, Scops 
fuUginosa, Eyloterpe whiteheadi, Siphia erythacus, lole striaticeps, and 
Prionochihis joJiannos. Three of the new species are figured : Syniium white- 
headi, Siphia erythacus, and Prionochilus johannee. 

Sharpe, E. B.; Catalogue of the Passeriformes, or perching birds, in 
the collection of the British Museum. Fringilliformes : part III, 
containing the family Pringillidm. Cat. Birds Brit. Mus. London 
1888), 12 , 1-873, pis. 1-16. 

Synonymy, keys, and descriptions of all the FringilMoe know at date of 
publication. No Philippine species is figured. 

Sharpe, E, B. : On the ornithology of northern Borneo. With notes by 
John Whitehead. IMs (1889-1890.) Seven parts with pages and 
plates as follows; Part I, (1889), 64-85, pis. 3-i; part II, (1889), 
185-305, pis. 7 and 8; paid III (1889), 365-383, pi. 9; part IV 
(1889), 409-443, pis. 11 and 13; part V (1890), 1-34; part VI 
(1890), 133-149, pi. 4; part VII (1890), 373-293, pi. 8. 

This important contribution to the ornithology of Borneo contains 
numerous notes on species which range to the Philippines. Cryptolopha 
montis is figured in part II, pi. 8. Fart VIIj, pp. 2T4-285, contains a table 
of distribution showing the relation 'of the Bornean ornis to that of the 
, surrounding islands. 
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Sharpe, E.. B. : Catalogue of the Passeriformes, or perching birds, in the 
collection of the British Miiseuni. Shirniformes, contaiiiing the 
families Artaniida, Sturnidse, Ploceida;, Alaudidte, also the families 
Atrichiidas and Menui-idrc. Cat. Birds Brit. Mus. London (1890), 
13 , I-IOS, pis. 1-15. 

Synonymy, keys, and descriptions of tlie swallovv-slirikt's, staiiingH, weiwtn'- 
finches, and larks known at date of publication. No Philippine species is 
figured. Spodiopsar new name, page 605, to replace PoUopmr Sharpe, 
preoccupied. Mimia cabanisi new name, page 353. 

Sharpe, E. B. : Coraciida^, Meropidse, Alcedinidas. Cat. Birds Brit. Mus. 
London (1892), 17, 4-312 pis. H2. 

A review of the rollers, bee-hirds, and kingfishers with keys, synonymy, 
and descriptions. Gey (0 steerii is described as new. The .Philippine species 
figured are Eiirysionvus orienialis and Baleyon chlo^'is. This is a very 
important work. 

Sharpe, E. B.: Eallida3 and Griiidae. Oat. Birds .Brit. Mxis. Loudon 
(1894), 23, 1-228; 248-277, pis. 1-9. 

The rails and cranes are described with keys and full synonymy. The 
work is an important one. Rallirm eurymnoides is the subject of figure 1 
on plate 8. 

Sharpe, E. B. : Catalogue of the Liniicohu in the collection of the British 
Museum. Cat. Birds Brit. Mus. London (1896), 24, 1-796, pis. 
1-7. 

A very important review with descriptions, keys, and synonymy of all the 
Limicolse. No plates of Philippine species. 

Sharpe, E. B. : Platalese (ibises and spoonbills) and Heroniones (herons 
and storks). Cat. Birds Brit. Mus. London (1898), 26, 1-328, pis. 
1-5. 

An important review of these birds with descriptions, keys, and synonymy. 
The Philippine species figured are Phoyw manUlansis and Butorkles spodio- 
yaster. 

Shelley, G. E. : Capitonidse and Guculidae, Cat Birds Brit, Mus. Lon- 
don (1891), 19 , 13-121; 209-434, pis. 1-5; 11-13. 

The parts of this volume indicated above, dealing with the barbets and 
cuckoos, include keys, synonymy, and descriptions of all species known at 
the date of issue, A useful and necessary workj no Plnlippine species is 
figured. 



AN IMPROVED METHOD OF MODELING ESPECIALLY 
ADAPTED FOR THE CENTRAL 
NERVOUS SYSTEM. 


{From the Anatomical Laboratory, PJiiUppine Medical School, Manila, P. 1.) 


PEEPARAa?I03sr OF BRAIK JIOBELS. 

By Maeia Paz Mendoza and Manuel. Ratmieez. 

During the last summer session of the Philippine Medical School, 
Dr. Bean recommended to us the study of the nervous system and sug- 
gested that, in the dissection of tlie brain we make at least three different 
sections^ sagittal^, coronal ( frontal ), and horizontal, and take an exact 
copy of the two surfaces of each section on pieces of blotting paper/ cut 
out the ventricles and paste each two, which complete one section, 
together by means of small cubes of wood cut in such a way that the 
resulting thickness is just the same as that of the original section. 
The idea was to show the shape, size and relative position of the brain 
ventricles through the gaps left by the pieces of blotting paper pasted on 
the blocks, and on the blotting paper to show the internal stmcture of 
the brain. We adopted the suggestion and thought it capable of further 
improvement by substituting for the blocks of wood blotting-paper pulp, 
thus also gaining the external morphology and converting the work into 
true modeling. We found this to be an easy, economic, interesting and 
accurate work, the success of which is shown by the photographs 
accompanying this description. 

PEOCESS. 

X. Materials: Blotting paper, white and onion skin paper, guni araMc and 
paints. 

2. Procedure: Freparation of sections. 

' 'Jor' coronal sections, an entire brain was taken from the preserving 
fluid/ held on a mass of cotton and ten sections of equal thickness made 
with a bram knife. 

Sagittal and. horizontal sections.' — The brain is fimt divided into 

^ Snssana Phelps ^ Gage: The Method of' Making Models from Sheets of Blotting 
Paper. The ^Armtomwal Record- (1907), 7, 166. 

finid. was employed so that the same material eouM be used for work 
oil the histology of the brain. 

: " ' ' ' ' ,, " ' '.m , 
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halves, by making a exit through the longitudinal fissure, separating the 
brain-stem at the middle. One-half of the brain is then cut into four 
sagittal sections of the same thickness ; the other half into four horizontal 
sections of the same depths. Thinner sections may be made, yet they 
are not desirable for beginners. 

ILaling the pulp. — Waste blotting paper that has been used is pulled 
apart by hand " into small pieces and put into water to macerate, care 
being taken first to wash the mass two or three times. When the pieces 
become soft they are reduced to a fine pulp witli the fingers. The surplus 
water is then squeezed out and the pulp thoroughly mixed with gum 
which has previously been, dissolved. 

Mailing copies of the contiguous surfaces of two adjacent sections , — 
The most anterior coronal section is first taken, held on a mass of 
cotton, the cut surface to be copied is then moistened with tlie preserving 
fluid and the onion skin paper immediately placed upon it. Tlie struc- 
tures beneath the latter are now plainly visible and their outlines can 
be followed with a sharp pencil, thus making an exact copy of the 
posterior surface of this section of the brain amd the anterior surface 
of the, next. When tliis part of the work is finished, two pieces of 
white paper with two of blotting paper are taken, the onion skin paper 
placed over them and the external outline of the section cut through 
them. The blotting paper is then set aside and two pieces of carbon 
paper inserted between the pieces of white paper in such a manner 
that when redrawn, the outline of the section on the onion skin paper 
gives two copies on the white, representing the two adjacent surfaces, 
one of this and one of the next section. By proceeding in the same 
manner with the remainder of the sections copies of their surfaces can 
be obtained. 

Model preparation. — The woik is now I'eady for modeling. 

The two pieces of blotting paper, set aside in the last preparation, 
which correspond to the anterior and posterior surfaces, for example 
of coronal section number are talcen, the suidac'es to be put in contact 
with the pulp are painted with thick gum and between them sueli a 
quantity of pulp, previously squeezed of its surplus liquid, is placed so 
that its thickness is about 1 millimeter, for every centimeter, more than 
the original section of the brain. The less, the water and the more 
homogeneous the pulp, the less will be the shrinkage of the model 
in drying. The border is now made even throughout with fingers, 
forceps, and probes; once all the sections are thus made they are 
put together in their natural position and the rough outline of the 
most important and deep fissures such, as those of Sylvius and Eolando 
v^'afid'^hedongitudinal ;fissure ;are Afterwards, taking each sec- 

I-;/. ^ cut with a''scissors' or knife. 
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tion individiiallv, tlie sulci and gyri are worked out; Tdtli xiie original 
section as a model, the two adjacent seeiions being oecasioiially consulted 
for tlieir exact locations. Wheneyer the pulp diies too raneli it is 
moistened with a diluted solution of gnm arable. 

Pamting the model . — To distinguish the white from the gray matter 
and the different siinctiires inside the Inrain Irmi each other, water colors 
are used for all but the cortex, where oil is preferable. While the model 
is diwing the two outlined pieces of white paper corresponding to section 
hfo. 2 are taken and with the original sections at hand the different 
parts are painted with different colors, giving the same color to those 
parts having the same or allied structure. 

Last step . — Wlieii tlie model “Sections are dried (which takes about one 
week, or longer, according to the water contained in the pulp), the 
udiite papers containing the copies of the surfaces of the sections are 
pasted on them and the gap left around the border, due to a slight 
contraction of the blotting paper, is filled np with pulp and left to dry. 
if ext, the caAuty for the ventricles is excised, as this can not be done 
when the pulp is moist, the newly exposed parrs painted and after all 
is completed the outside is painted with oil colors. The same procedure 
is followed for the coronal sections and the sagittal and horizontal ones. 

The record hoolC '. — A record book should be kept in which the onion 
skin papers containing the outlines of the internal structures should 
be preserved and to each of these the eoiTesponding name should be 
given as their study is continued. 

Experiments . — With the hope of further improving brain modeling we 
eonducted some experiments the results of which are as follows: 

hTew-spapei’, macerated for three days in water, and reduced to a fine 
pulp of dark“gray color, has short fibers, but forms a soft mass easily 
workable into any desired shape. Painted with oil colors, almost no 
contraction occurs when drnng and sections can easily be reduced to 
an 8 millimeter thickness. ■ 

With onedialf newspaper pulp and one-half lime a pulp is produced 
that can be used to make sections 8 millimeters tliiek : this dries within 
twenty-four hours into a hard, strong, white mass with an even surface, 
which is easily painted. With gum the resulting mass is more plastic, 
but dries less qui,ckly. 

’With one-third pulp, one-third lime and one-third sand, the mass 
is ''dark and dries, more quickly, but it is brittle and not adapted for 
brain modeling. 

/We repeated the above experiments with magazine paper and ordinary 
white, paper and obtained , almost the same results. 

This method of modeling can obviously be used for other purposes 
such as the reproduction of fruits, insects,, etc,, so that it can be made 
of advantage to botanists, zoologists, paleontologists, etc! b 
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PREPARATION OE BRAIN MODELS. 

By Pio Valencia Eneiqtjez. 

The blotting-paper pulp is prepared as described in the work of 
Mendoza and Eamirez. The two hemispheres of a brain are then 
separated with a sharp, thm-bladed hnife, and four vertical-longitudinal 
(sagittal) sections of one hemisphere made, the cuts being 1.5^ 3, and 
4.5 centimeters, respectively, from the mesial surface. The mesial sec- 
tion is then placed on th.e table and an exact outline of the stinictures 
found on each of its two surfaces drawn through transparent paper. 
Two pieces of blotting paper are cut from these outlines. A sufficient 
quantity of the macerated blotting paper is then put on the table, and 
compressed with a flat board until it becomes somewhat solid and nearly 
as thin as the mesial brain section. Its exposed surface is now ready 
for a coat of library paste which is first put on thin, then thick, and 
the proper blotting paper outline is then attached to this by compression. 
The other surface is treated in like manner and the remaining sections 
are made in the same way. 

The exposed borders are then trimmed, the gyri, snlci, and ventricles 
being modeled while the material is soft and plastic, all exposed surfaces 
being coated with librar}’^ paste. 

Drying , — The models dry better in the shade than in the sniishine, 
rapid drying causing them to warp and to lose their shape. They 
shonld be placed in a closed locker over a pile of blotting papers on 
a plane surface. The model should be turned once or twice each 24 
hours and the blotting papers should be replaced with dry ones at 
the same time, in order to facilitate the drying process. After the 
models are dry they may be painted in any way desired. 

Gauiion.—Mi models made in this way must he preserved in closed 
cases, especially in the tropics, in order that rats, roaches, and other 
vermin may not mutilate or destroy them. 



ILLUSTRATIONS. 


Plate I. 

Fig. 1. Mesial surface of model of right hemisphere showing separation of sec- 
tions. Mendoza and Ramirez. 

2, Superior view of the first section from the base of the hemisphere. 
Alendoza and Ramirez. 

.‘L Superior surface of the second section from the base of the heinispliere. 
Mendoza and Ramirez. 

Plate II. 

Fig. 1. Coronal section numher o, showing the posterior surface. Mendoza and 
Ramirez. 

2. Coronal section number 6, showing the posterior view. ^lendoza and 

Ramirez. 

3, Model of the right hemisphere of a human brain \-iewed from the side. 

Valencia. 

Plate III. 

Fig. 1. Same as Plate II, fig. 3, with the first lateral section of the cerebral 
luuuisphere removed. Represents a sagittal section 4.5 centimeters 
from the mesial surface. Valencia. 

2. Same as Plate fig. 3, with the first and swond sagittal sections re- 

moved. Represents a sagittal- section 3 centimeters from the mesial 
surface. Valencia, 

3. With the first, second, and third lateral sagittal sections removed. 

Represents a sagittal section 1.5 centimeters from the mesial surface. 
Valencia. 
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EDITORIAL. 


NOTES ON THE APPEARANCE OF SIREX JUVENCUS LLNNA 
IN MANILA, P. I. 

A few clays ago a representative of a Manila importing lioiise brought 
to this office an insect for determination which was found inside a 
packing case recently received from Germany. I have identified it as 
Sirex jiivenciis Linn.^ This wood- wasp is eonimon in Germany and is 
well Imovm to foresters as injurious to Pinus sylvestris Linn, 

The history of its introduction is as follows. A Filipino in opening 
a packing case noticed that about ten of tlie insects iiew out. wiiile at 
the bottom of the bos several dead specimens were found. Tlie packing 
ease contained cotton iindenvear, packed in pasteboard boxes, and it was 
noticed that the insects had eaten holes in these inner boxes and had 
slightly injured their contents. 

Unfortunately I did not see the pacldng case, but I have no doubt 
but that it was made of pine wood, in which the insects passed the last 
stages of their development. The wasps after hatching emerged on the 
inside of the box, and in attempting to escape attacked the contents of 
the box. 

W. SCHULTZE. 


NOTES ON THE ABUNDANT APPEARANCE OF GIBBIUM 
SCOTIAS FABR. IN THE PHILIPPINE ISLANDS. 

Some time ago Mr. Herbert S. Walker, chemist of this Bureau, eaOed 
my attention to the fact that there were numerous beetles present in 
a material known as argol.- Upon investigation I found enoniious 
numbers of a beetle which T have identified seotim Fabr., 

together, with some specimens of TriboUum ferrugineum Fabr. The 

^ Ib Germaii, gemeine Kiefemholzwespe,” see Ratzeburg, Por&t-Imecten 
(1844), 3, 143, taf. IT, fig. 3. 

2 Argo! (German, Weinstein) is a crude cream of tartar or potassiiim^ acid tar- 
trate wliich forms 'as a crust on the inside of -vessels in 'which wine has been fer-' 
mented.' The color is purple- to, white, 'according to the kind of wine. It is used 
as a 1[*educing agent in gold- and silver , assays. The^ purified cream of tartar is 
used in medicine- and to; large extent in' 'the 'namiufaetiire of baking powders,. 
^Our supply came- in ,fiO-kil€^am barrels', from a firm in Xew York. 

' , V41$6 -9 ' '' ' - ' " ^ ' '29fi 
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50 -kilograiii ])arrel of argol was nearly full and tlirongiioiit the mass it 
was infested witii larvaD and cocoons of the first-mentioned species. As 
the barrel had been open for some time there was a pjossibiLity that the 
beetles might liave entered it after it had readied Manila. 1 tbcrefoi'o 
examined a fresh barrel of argol wliieh was kept in another part of the 
building. The outside of this package was in ])ei‘fGet condition and 
showed no signs of holes, but its contents were infested thinughoiit. 
The surface of the argol was covered with a shiny mass of dead and 
living beetles of G. scoiias Pabr. The above-mentioned facts convinced 
me tliat this species was introduced or imported with 11 lo argol from 
the United States. This species probably found suitable climatic con- 
ditions and multiplied rapidly. In the literature wliicli T have consulted 
I find no mention of this species having been detected in argol ^ although 
it seems to have a somewhat peculiar vsense of taste. Some authoj‘s 
mention it as feeding on the dust of granaries Laboulbene found it 
on an Egj'ptian mummy in large numbers; Lucas ° saw larvm and adults 
feeding on red pepper {Gai)sicim annuum Linn.)^ and Stierlin^* on the 
wool of sheep. 

Should this beetle at any time adapt itself to food of more economic 
value and importance than the variety mentioned^ serious damage might 
arise. 

W. SOHULTZE. 

°Boieldiem '‘MonograpMe des PtiiiioresA A.nn. Boc. Ent. de Frame (1856) (3), 
4, 679. 

*hoc. Git, (1872) (5), 2, 29 (Bull.). 

^Loc. cit. (1884) (6), 4, 76 and 124 (Bull,). 

® Calwer^s KaferMch (1893), 397. 
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PHILIPPINE COALS AS FUEL. 

By Altin' J, Cox. 

{From the Lahorafory of Inorganic and Phymcal Chemistry, Bureau of Science, 

Jlauila, P. I.) 


IXTEOBUCTIOX, 

"While it may be true that the testing of fuels under boilers at best 
givijs only approximately coinparatiYe results, nevertheless there is no 
degree of accuracy in assumptions such as that of Bazind who coiisicleroci 
the practical steam-making capacity of a combustible material to be 
two-thirds of its found heating value. This capacity may vary from S^) 
per cent with the best anthracite down to 50 per cent or even less when 
a highly bituminous coal is used. The tv’pe of plant the personnel 
and other important factors must 1>e considered. The error in concluding 
that a coal high in evaporative power is on that account the best coal 
and conversely" that a veiw cheap fuel necessarily must be cheap in the 
long run should be guarded against. The most satisfactory way in 
which a . correct conclusion as to the respective eoniniereial valuers of 
different coals can be aiTived at is to make tests and then compare their 
performances as sliowm below. 

'There is no doubt that steam vessels can successfully use some of the 
Philippine 'coals. If others are too high in volatile combustible matter 
they unquestionably ‘can be employed by mixing them with' a certain 
amount of Australian , coal and thus too rapid gasification be prevented. 
The Coast Guard and interisland ships, now burn' on the average 10 tons 
of Australian, coal each 'per day or 300 tons per month. If they replace 

^Bev, ‘gm., de CMm* (1004), .7, 91 j Kev. in J. iw., Chem. ,( 19055, 

, 75034 t'' ' ' ' ' ' L ■' ' ' ' 301 . ' 
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all or two-tliirds by Pliilippiiie coal it would require only a simple 
calculation from the following data when the prices per ton are known, 
to determino the difference in cost. 

I know of but one trial oT the commercial value of Philippine coal 
where complete data of the test were kc])t. This was made about two 
years ago at the Philippine Cold Storage and Ji'C Plant." The test was 
as satisfactory as possible under the existing conditions; the results 
exceeded the anticipations of those in cliargc of tiu^ i.est and seemed to 
indicate ^hts equality with many other coals on the Manila market.'’ 
Ho\veYeiq the grates were not adapted to the fuel and much incon- 
venience was experienced because the decrepitated coal passed through the 
grate with the ash. Toward the end of the test, this ash was- burned 
over again and after the second burning the analyses of this Bureau 
showed it to contain 62.6 per cent of combusti])le matter. iSIo com- 
parative tests were made with other coals. 

In 1904 the United States Army transports Chiil'ong, Sacramento and 
Palaitmn made runs on Batan coal and the reports in each case were 
favorable. The coal wuas easily fired, it burned w’ell, the amount of soot 
was comparatively small, there Avas no great quantity of smoke, the 
content of ash was low and there was no clinker. 

The object of the following investigation was to determine the steam- 
making value of the coals of the Philippine Islands, as measured by 
kilos of ivater evaporated per kilo of fuel when used under a l,)oiler, as 
compared with the foreign coals offered on the market in this Arohipc;Jago ; 
it has also been my purpose to- make a comparative study of the individual 
coals as well as to convert into useful work tlie greatest possible per- 
centage of heat units contained in each. Careful and. complete records 
have been preserved of each test; therefore it should l)e possible for 
engineers to determine from the data which are given Avh ether or not 
the conditions were those best suited to the coal inider examination and 
when a price is esta]3lishcd for these coals, tlicse tables wdlL form a Ixrsis 
of comparison not only as to tlie water evaporated per kilo of fuel, Imt 
also in regard to the water evaporated per peso of fuel cost. In com- 
inereial operations the all important question is to- find the fuel which 
will run a plant with, the least financial outlay. 

A special grate was tried for some of the coals and an effort has been 
made to use a method of firing which would give the best results. As 
the supply of material at my disposal was limited, except in the case of 
Australian, cogl, only a sinall amount of preliminary experimenting 
could be done to determine the best practice in regard to firing and to 
gain inf omation regard^m^ the fuel before beginning the test. An 
en^neer always needs experience with a coal to hum it in the most 
efficient manner. It will be noticed from the tables tlmt in some cases 
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the efficiency for the second rim is slightly higher than that for the 
first, shovring the benefit of the first day's experience: liovrever, in no 
case is the difference niiieli greater than the possible error from other 
sources. Several preliminary trials t\'ere made on the coal regularly 
used here for firing in order thoroughly to test the working condition of 
the apparatus. It would have been very desirable to have had duplicate 
determinations of the steaming quality of each coal, but this was not 
always possible wnth the supply on hand; nevertheless it is believed 
that all the results are complete and sufficiently reliable to show the 
nature and indicate the real fuel value of the coal : in fact it has recently 
been shown® that more than one test of a coal is superfluous. Seventy* 
seven first tests gave an average efficiency of 66.05 and seventy-seven 
second tests an average of 66.0.2 and thirty-two third tests one of 65.8T. 

It is evident that promiscuous tests made under different conditions 
are not at all comparable, for it would be impossible to discover whether 
the variation was due to the fuel, the apparatus or the manipulation. 
However, in the work done at this Bureau many factors have been 
eliminated by using the same plant ^ and the same personnel ; the others 
have been carefully controlled by using the same apparatus and main- 
taining all manipnlations and general conditions as nearly uniformly 
constant as possible, except where a change in the second test was to the 
advantage of the coal. With the variable factors eliminated, the coals 
can be directly compared, 

DESCRIPTION OF APPARATUS AND METHODS EMPLOYED. 

All instruments used were carefully standardized and every precau- 
tion taken to prevent the possibility of error. As the nature of the coals 
to be burned was so entirely different, twn sets of grates were provided. 

The one was of plain, single bars 1.5 centimeters in width and eonstnicted 
to give an air space of 1.2 centimeters between each pair, or a ratio between 
air space and grate surface of 20 to 45. The other, constructed for these tests and 
u.sed with some of the coals, was a perforated grate with round, tapering holes 
1,25 centimeters in diameter at the 'top, the smallest dimension, averaging 25 
per square decimeter and giving a ratio between air space and grate surface 
of 18 to 45. 

The two boilers shown in Plate I are exactly alike, the following 
description applies to both; however, with one exception, the tests were 
made with the one on the right; they can' afford only a nine as to the 
efficiency of the boilers. This was not sought^ for there are no means of 
comparing the boilers irith others fired 'vdtli Philippine coal, or perhaps 
with themselveS' under different conditions. The boiler was thoroughly 

’ »Breekenridge,'L. F., U. B. Bull {mi) yS25, 32. 

*'The losses through radiation and' conduction ,do not va^ry greatly for any 
given installation. ■ 
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cleaned before begimimg the test’ it was in all eases used on the previous 
day BO that tlie brickwork was tlioronghly heaiecl^ and it vors under full 
steam for some time on the day of tlic test before beginning the actual 
run. The gauge glass of each boiler was graduated into millimeters and 
calibrated indepeiid(3ntly witli water at 30"^ Cb Tiicse data wore used to 
correct tlie water level between starting and sio])piug rather than by use 
of tlie pump. 


BOILEB : 

Kindi Babcock and Wilcox. 
Nominal rating, 75 liorsepower. 
Type, -water tube. 

Tubes: 


Dkt meter 


Number j 45. 

f external j 10.16 centimeters, 
linternal, 0.48 centinjeters. 
Length cgsposed, 42.67 decimeters. 
Drum : 

Diameter i exter-aal, 9.15 deciracters. 
Length, externab 58.4 decimeters. 

W aterdieatina: surface — 


Of tubes 
Of dniin 


S("iiiaro 

dcciinetcra. 

. 5,715.2 
. 748.8 


Total : 6,464.0 

Steam gauge, Ashcroft’s, graduated to 5 pounds on a ISdiich dial. 
FuRxXACE : 

Kind, Hand fired. 

^ , f front, 12.2 decimeters. 

iback, 8.3 decimeters. 

Width, 0.90 decimeters. 

Flue connecting to chimney: 

Length, 18.3 decimetcrH. 

Galorimeler, 4D.4 square decimeters. 

Grate : 

Kind, gridiron bar or perforated as best adapted to the in- 
dividual coal. 

Width, 9.90 decimeters. 

Length, 18.3 decimeters. 

Area, 181.2 square decimeters. 

Hatio of water heating surface to grate surface, 35.7; 1. 
Chimney: 

Diameter, internal, 12.2 decimetex’s (4 English feet), 

Weight alom grate,, 30.5 meters (100 English feet). 

Area, 38.33 .square.: decimeter.^. 

The stack was high enough in all cases to give the di'aft necessary 
for the coal in the condition used. 

Draft, > natural, ' 

b.7 "econoini'zer. 

The,, .e^aust' main .passes’ through a ■200-horsepower Wainv^right 
even-fio-w feed-water,, heater, , 
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During all of these tests the steam was used to operate a large duplex 
steam pump, to drive the engine which furnishes the power to operate 
the air compressor;, the vacuum pump, the refrigerating machine and 
many small motors^ etc., for the laboratory and to supply live steam 
throughout the building. At first I intended to take switch-board 
readings, but the idea was given up as impracticable. Owing to the 
intermittent use of steam for other purposes such readings would neces- 
sarily be incomplete; bnt in Plates II to Til, I have given photographs 
of the volt meter and ammeter indicator diagrams. An estimation from 
these sliows that an average of about TiO per cent of the steam produced 
was used by the engine, and AO per cent for other purposes, iiieliicliiig 
that condensed by radiation from the pipes. The equivalent evaporation 
per indicated horsepower was assumed as 25 kilos of water, ]}ecause of 
the light and variable load of tlie engine. 

The portable drop-lever Howe scales used in making the weighings were care- 
fully standardized and found to be correct; the meter was fitted with a gauge 
and regulators so that it was calibrated from time to time by actual h* weigliiiig 
the water passing through under the same liead as it was fed into the lx>iler 
and no error was at any time detected in tlie registrations of the meter. If 
there was a slight error, being constant, it would affect alike all the tests and 
therefore be negligible in securing data for comparative purposes. The boiler 
feed pump was rim intermittently and always at the same rate. The tem- 
perature of the water entering the boiler from the heater was determined by 
readings of a thermometer placed in a thermometer cup on the pipe just adjacent 
to the boiler. The steam gauges were tested by comparing with the test-gauge 
of the Crosby Steam Gauge and Talve Company, a standard instrument manu- 
factured by Schaffer & Budenberg, Limited, and that used by the city boiler 
inspector. The only errors were in the initial setting of the needles. These in 
all cases were corrected at a pressure of 20 pounds per square inch by actual 
trial with a column of mercury. The damper was controlled by a lever passing 
over a graduated segment. 

The chemical thermometers were of 550° C, capaeitv, and were calibrated by 
the PkfjsikaJisch-Technische Pckhsansialt in Cliarlottenburg, Germany. The tem- 
peratures of the fine gases were read from a higdi-grade mercury thermometer 
which was calibrated from tljese. Tlie usual U tube, or iin-erted siphon of 
water, draft-gauge was used. One arm was open to the atmosphere anti the 
other, by means of the proper connections was inserted into the draft to be 
tested. The difficulties of reading ^ the gauge were reduced tO' a minimum by 
the looking-glass scale. The latter was accurately divided into millimeters so 
that the error of reading waS' not greater than a few units in the decimal. 
The scale was movable, which greatly facilitated the reading of it. 

A Barrus" continuous, surface condenser calorimeter was on hand during 
several of the tests to determine The moisture in the , steam. Steam nearly 
always carries water with it and thus xhe boiler is credited with having evap- 
orated more water ' than ' is really the case. However, the results recorded in 
Table 11 'have 'not' been corrected for this since I was unable to determine the 
factor for all. ' It will, be seen' from the following table ' that ' the boiler of this 
Bureau produces „ steam ^ which '.is very uniform in quality and as the results 
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of tlie tests are intended to be comparable only, it is permissible to omit this 
constant correction entirely. It was not convenient to attach the calorimeter 
close to the boiler. It was attached to the steam pipe 22 feet away and owing 
to the radiation from this pipe, even though all parts were well covered, the 
amount of moisture may be somewhat high. 

The readings were, made on several days dm-ing the firing of coal 
from three different sources and at different times of day^ so that the 
greatest variations of load are represented. Tl^ese readings are shown 
in Table I. 

Table I . — Steam calorimeter readings. 


Date, 1907. 

Time 

after 

Steam- 

gauge 

Readings of 
thermometer. 

starting. 

pressure. 

Upper. 

Lower. 


h. 

m. 

Kilos per 
• sq. cm. 

°C. 

°C. 

vTune 19 

5 

20 

7.8044 

168 

109 


5 

45 

7,8044 

168 

110 


6 

10 

7.8044 

169 

110 


6 

35 

7.1711) 

165 

110 

June 20 

1 

T2 

7.8044 

167 

109 


1 

60 

7. 5232 

167 

109 


2 

42 

6. 8200 

164 

no 


3 

00 

7. 8044 

168 

no 


4 

00 

7. 8044 

168 

no 


4 

40 

7.8044 

167 

109 


4 

55 

6. 4685 

161 

108 


G 

25 

7. 3825 

166 

111 

June 21- 

2 

40 

7.5232 

167 

no 


3 

20 

7. 1716 

105. 5 

109.5 


5 

50 

7.5232 

167. 5 

108.5 


G 

20 

7, 5232 

167 

108.5 


6 

30 ' 

7. 1716 

166 

308 


6 

45 

7.8747 

169 

109 

July 15 - 

5 

30 

7. 1716 

163 

no 


5 

50 

7. 1716 

163 

no 

July 16- - 

1 

30 

7. 1716 

164 

no 


1 

50 

7. 4529 

165 

109 


4 

40 

,7.3825 

165 

no 


6 

05 

7. 1013 

163 

109 


5 

20 

7.8747 

167 

110.5 


C 

15 

7.5935 

166 

no 
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The average readings on all of these tests are, for the steam-gauge 
pressure 7.-1501 kilograms per square centimeter (lOtl pounds per square 
inch), for the upper thermometer 166° (33CP'.8 F.), and for the lower 
thermometer 109°.4 F.) ; the ranges for the thermnnietors being 

from 161° to 169° and from 108° to 110°. 5, respectively. The normal 
for 166° may be taken as 139°. 5 and the average cooling below this point 
is 30°. 1. In order to compute the amount of moisture from the loss of 
heat shown, the number of degrees of cooling is divided by the coefficient, 
which depends upon the specific heat of steam, representing the number of 
degrees of cooling due to 1 per cent of moisture. 30°.l divided by the 
coefficient given by Barrus® for 166°, which is 11°. 66 (21° F.), gives 
2.58 per cent. Xo correction has been made for the moisture produced by 
radiation from the apparatus itself. 

Denton * has shown that it is seldom possible to operate a condensing 
calorimeter with the degree of exactness calculated for the instrumental 
error, namely, 1 per cent. There has always been found to exist ac- 
cidental variation considerably in excess of the theoretical instrumental 
error, even Eegnaiilt’s experiments, the results of which are presented in 
tabular form in most publications upon the properties of steam, being 
no exception in this respect. He has also shown that Jets of steam show 
unmistakable change of appearance to the eye when steam varies less 
than 1 per cent, either in the direction of wetness or of superheating, 
from the condition of saturation. TlTien a Jet of steam flows from a 
boiler into the atmosphere under such conditions that very little loss of 
heat occurs through radiation, etc., the quantity of water if not too 
large, may be estimated from the color of the steam. If the Jet is 
transparent close to the orifice, or is even a gi-ayish-white color, the 
steam may be assumed to he so nearly diw that, no portable condensing 
calorimeter will be capable of measuring the amount of moisture in it. 
If the Jet is strongly white, the quantity of water, if it does not exceed 
2 per cent, may roughly he estimated, but an amount in excess of this can 
be determined only with a calorimeter. Careful observations roughly 
eorrofiorated the results given in Table I. 

Analysis of the flue-gases . — The flue-gases were analyzed and for this 
pui-pose were di-awn from the flue by means of a sampler sneh as is shoum 
in the following figure : 

‘Trans. Am. Soc. If. E. (1890), 11, 795. 

*im (1899), 10 , 326. 
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The apparatus cotisisted of an iron gas pipe of 1,5 centimeters internal diam- 
eter, passing through a suitable Hxtnrc attached to the shell of the eldmney, 
long enough to extend acroSvS the flue and leave a few centimeters projetding. 
The inner end was capped and four holes 1.5 nnllirneters in dianndtn; were 
bored, one 7.5 centimeters •from each wall of the fine and the other two dividing 
the intervening distance into thirds. The two end holes were sUglitly enlarged 
(about 0.2 millimeter) to counter balance the inor(‘ased draft in the middle of 
the ehiinney and the increased suction .in the middle of the sampler when the 
gases were exhausted. A piece of glass tube was fitted into the ojichi end of 
the iron pipe, by means of a tightly fitting plug, so that the end would reac*h 
to the middle of the perforated pipe. The apparatus was tested and proved to 
have tight joints. The sampler was inserted into the flue and the gases drawn 
off through the glass tubed The holes were placed away from the current to 
prevent their being ffUed with soot. An aspirator was constructed of a large 
bottle' fitted with the necessary siphon tubes. 

A ooiiGeBtrated salt solution was used in the aspirator. It is realized 
that since the gases are somewhat soluble, this is not as accurate as their 
collection over mercuryyhut is probably as accurate as the sample itself. 

'Attention has been called to the fact that samples taken with an apparatus 
similar to this compared very favorably with those taken with the sampler 
recommended by the American, Society of Mechanical Engineers. C7. Sf. 0. B., 
$ 11 ; ' ; < > ■, 
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The solubility of carbon dioxide, the most soluble of the chiiiiiie}' gases, 
is sho’^rn l)y the following data : 

Carbon dioxide was bubbled for twenty-four liours tliron,2‘li w'ater and a salt 
solution under identical conditions, at 28° C. and atmosplieric pressure. For 
eacli part of water, 0.G49 A^olume of gas was dissolved, while trie volume for 
eacli part of the salt solution was only 21 per cent of this amount. Tliere can 
be little doubt that these are the saturation values, for that obtained for water 
agrees remarkably well with the results of otlier investigators. Calculated from 
the interpolation formula of Naecari and Paglianid ci=1.5002~0.03G511r 
4-0-0002917F, the value for water is 0.047. 

The chimney gases were never bubbled througli the salt solution aud 
were in contact- with the surface for a short time only, so that any 
error must ])e slight. The same salt solution was used throughout the 
experiments and alter several months intermittent use and exposure to 
the air contained less than 2 per cent of the saturation value for pure 
water. 

The exposed end of the glass tubing of the sampler was attached to the 
aspirator, the siphon started and tlie gases giuduaily drawn off. Between the 
aspirator and the sampler a Freseniiis tower filled with cotton was imposed to 
remove the soot. By means of pinclieocks the removal of the Hue gases was 
maintained at a constant rate. The aspirator was removed at will and a new 
one put in its place. This operation was continued for any number of sue- 
cessive hours. The various samples of gas thus obtained were analyzed and 
reported as the average for that period. The analyses were made according to 
standard cdiemical methods. The absorption medium for oxygen was an alkaline 
pyrogallol solution,'^ 

The uiiconsiimed constituents of the flue gases — viz^, carbonic oxide, 
hydrocarbons and soot — may at times be great and represent a consider- 
able jiereentage of the calorific value of a coal. However, the only 
combustible gas determined was carbon monoxide (CO). When this 
gas is found in any quantity it is quite probable that hydrogen and 
hydrocarbon gases are also present, but because of the difficult}- of 
determining these in small amounts their percentages have not been 
ascertained. 

Chemical analyses . — ^Nitrogen iu the coal was determined by the regular Kjeldalil 
method and all otlier analyses Tvere made according to standard chemical methods. 

Deiermmation of the calorific ralne of the coal . — ^In the calculation of the 
calorific value of the coal from the ultimate analysis, Bulong's formula in the 
form as given in 1899 in the report of the Committee on Coal Ana lysis, “ appointed 
by the American Chemical Society, was used as follows : 

Calorific power=8,080C+34460 ( H—iO ) +2, 250S. 

^ Gms^etta cMm. ital, (1880), 10, 119; AiH d. Ac* d, sc., Torino (1879-80), 
15, 279. ' 

®It has been maintained (Franzen, H. Zischr. f. amrg. Oh. (1908), 57, 339.) 
since this work was done that this is not a satisfactory absorbent for analyzing 
gases ■ where ■ oxygen , is present ,in large quantities, ior the oxygen acts on the 
pyrogallol solution producing carbon monoxide (CQ) which remains in the 
gas-rest and.' chahges^ its' composition: Alkaline ^ sodium acid sulphite is recom- 
mended. ' , ^ ' 

“J- Am. Chem- Boe. ,(:I899), 21, ,1130: 



310 


cox. 


The determination of the calorific value of the coal was made in a Berthelot- 
Mahler bomb calorimeter under a pressure of 20 atmospheres of oxygen. The 
constants used were those which had been carefully determined for previous work 
and the corrections for wire fused, niter, sulphur, etc., were made according to the 
usual methods. 

Color of the smoke . — In judging the color of the smoke the standard Ringel- 
niann scheme was followed. The smoke was observed against a clear sky and its 
color compared with the effect upon the eye of a 20-cenfcimetcr square, black-and- 
■ white grating held at 15 to 20 meters distance. Plate VTII is a pliotograph of the 
standard charts used. Xo. 1 is the pure white paper, and No, 0 in the serievS 
is entirely black; hence each intermediate proportion corresponds to a 20 per 
cent range. Plate IX shows a small section of the upper left-hand corner of 
each grating drawn to the exact scale. 

Method of firing . — It was found that all of these coals^ except where 
there was a large amount of clinker, worked best when fired in small 
quantities every four or live minutes with spreading stoking. 

Method of starting and stopping , — The alternate metliod was used, 
that is, the boiler was thoroughly heated by a preliminary run of an 
hour or more; during the last twenty minutes or half an hour of this 
time the fire was fed with the coal to be tested, then allowed to burn 
low, cleaned, left level and the amount of live coal left on the grate 
estimated. At the same time the pressure of steam, the water in the 
boiler and other observations were taken, and the time recorded as the 
starting time. Fresh coal w'bich had been previously weighed was now 
fired and the ash pit cleaned immediately. Before the end of the trial 
the fire was allowed to burn low, just as before the start, again cleaned 
and left in the same condition and with the same amount of coal on the 
grate as at the beginning of the test. This stage was recorded as the 
stopping time. 

The temperature of the fire room was hot recorded, beeaiivse in the 
tropics fire rooms are so constructed that when in use they arc entirely 
open and are practically the same as if the stationary boiler had merely a 
roof over it. The fire room temperature may he taken as that of the air. 

The ash represents that actually removed. It was not practicable to 
recover the ash carried over the bridge and into th,e flues. 

The individual tests give the other conditions governing the trials. 
I have been guided in reporting the data and tlje results of these evapora- 
tion tests by the form advised by the Boiler Test Committee of the 
American Society of Mechanical Engineers, and have made these as 
complete as possible to enable anyone to make whatever other calculations, 

' he may desire.' ' ' 

: ' TESTS. : . 

The following tables give the complete data obtained during and cal- 
culated from the various tests on coals made in this Bureau : 

^Code of 1899, IvenPs Mechaaieal Exigmeers’ Poeket-Book, New York (1903) , 
690; Univ, of III, Ball, (1906), 3, 2l; InternatidriarBibrary of Technology 7, 

1 y ' , 'a - n ; ' '' ’ ^ 




Footnotes follow at the end of the table, pp. 31t, 318. 



Tablb Xli—-8i0aming test b of PMUppine coals and others ofered for sale on the Manila marlcef — Contiimed. 
CE*or source and commercial size of coal, date of trial, Mnd of grate used, and duration of trial, see p. oil.] 



Footnotes follow at the end of the table, pp. 317, 318. 



31.3 



Footnotes follow at tlie end of the table, pp. 817, 818. 
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Footnotes follow at tlie end of tlie table, pp. 317. 31S. 
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Footnotes follow rI llio oiid of iliG lahlis pp. 317, 318. 



Table H.—Btmming tests of FMlifpmc coals and others offered for sale on the Manila marhei — Continufid. 
[ITor source and commercial size of coal, date of trial, kind of grate used, and rial, see p. oil.] 
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Footnotes follow at the end of the table, pp. 317, 318. 
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jncjoseu, mu i 

«TMs coal does not represent the vein for it had evideiilly Iain in the tunnel where it luul been water soaked and considerably silted over, ilie ash 
content and clinlcer-fonnlng ability are therefore high ns compared with the rim of this coah It was very diflicult to obf aiii an accurate laboratory Haiiiph'. 
Thu ash shown by the C'hemieal analysie is i-onsiderably less than that of the coal actually lired. 

P In the use of this fuel, the coal on the grate, was not disturbed from start to flnish. It was alternalely seini-ct)kea and spread-tired, and tho 
result la more complete cambUBtton, lower e.himney lemporature, and greater evaporation. 



” <i Practically no smoke (under 10 per cent). 
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Tablk III .— ‘balance or disirihntion of the healing value of the combustible. 
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Footnotes tollow llio taWe on pii. 321 



Tabi,® III ,-— balance ar dklrihulian of ilw heating value of the comlrustihJe — Continued. 
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Footnotes follow tlie table on pp. 321, E22. 
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Table IV. — Ohserirniioiis in detail of ilie tests of coals from AtistraUa, Japan, 
Borneo, and the Philippine Islands. 


A. — FIRST TEST OP COAL FROM WESTWALDSEND, AUSTRALIA— 77 FIRINGS 

DURING 7-HOUR TEST. 

[Test No. 1, Table II.] 


Time after 
starting. 

Steam pressure 
gauge. 

Tem- 
pera- 
ture of 
flue 
gases, 
ba.se of 
stack. 


i 

Average com- j 
position of flue i 
ase.s, in percent,! 

Kilos of coal 
burned— 

' Kilos of 
, water fed to 
! boiler— 

Fire 

■ ed tire, 

i Td : 

'time 

after: 

Start- ^ 

' iug. ! 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

CO., 

O.J 

1 

i 

CO ! 

: 

1 

Dur- 

ing 

nod. 

Total. 

1 1 

Dur- i 
pe? i Total. 

; riod. ; 

i ’ 











h.m. ■ h.7}i. 

Beerinniner. 

7. 172 

102 

360 







I 

: 0 00 

l tinnr 

7.312 

104 

340 




i 

60 

60 

i 

325 1 325 


^ Tinnr 

7. 453 

106 

355 




i 

60 

120 

325 * 650 


•f hour 

7. 172 

102 

360 




1 



325 i 975 


1 l^nnr 

7.523 

107 

346 





55 

230 

325 a,soo 

' 

11 hours 

7. 523 

107 

360 





55 

285 

325 1,625 


hours 

7.523 

107 

357 


• 8.0 

8.0 

1.57;- 

55 

340 

325 1.950 

t 

hours _ ^ 

7. 382 

105 

351 






395 

325 '2, ‘^75 

1 

2 hours 

7.664 

109 

343 




i 

50 

445 

325 2,600 


21 hours 

7.453 

106 

363 




1 

50 

495 

325 12,925 


2^ hours 

7. 172 

102 

363 





50 

545 

325 is, 250 

2 17 1 

2| hours 

7.523 

107 

355 j 




50 

595 

r 325 |3,575 


3 hours 

7.804 

in 

349 i. 



[ 

60 

645 

' 325 ;3,900 

* ' 1 

3^ hours 

7.593 

lOS 

349 ' 




50 

695 

325 ;4,225 

, 3 13 ■ i 

3i- hours 

7. 312 

104 

355 i 




50 

745 

1 325 '4,550 

i : j 

31 hours — 

7.523 

107 

355 ; 



i , 

50 ; 

795 

; 325 4,875 

i ; 

4 hours 

7. 734 

1 110 

340 ; 




50 : 

S45 

325 15,200 


hours — 

1 7.382 ' 

105 

83H i 

■10.0 

' 7.5 

0.0 i- 

50 1 

895 

; 325 ,5.525 

: i 

44 hours 

j 7.172 

; 102 

357 i 


1 


50 1 

945 

i 325 is, 850 

1 { 

4| hours 

j 7.031 ’ 

I 100 

332 




30 

975 

' 325 16,175 

1 ' 1 

5 hours 

6. 8Q0 

1 08 

355 i 



j 

60 1 

1,035 

! 200 ksTs 

i 5 16 , ! 

5^ hours 

1 7.453 

; lOf) 

357 'j 




m ; 

1,095 

1 300 16, 675 

! 5 04 ' ! 

5.4 hours 

I 7. 312 

1 104 : 

351 



1 

r t?o 

1, ,15o 

i 350 It, 025 


5f hours ' 

1 7.312 

1 104 

427 1 




1 60 

1,215 

j 350 j7, 375 


6 hours 

! 7.945 

1 113 

43.5 ! 



! 

i 60 i 

1,275 

1 350 It, 725 

, 1 

6| hours 

7.593 

i lOS ■ 

401 


hl2.5 

' 4.1 

0.0 ’ 

' 60 j 

1,335 i 

[ 350 18, i 

[ZZl'ZI 

hours 

i 7.804 

1 111 

371 





60 i 

1,395 

i 350 |8,425 ! 



6| hours 

1 7.523 

1 107 

355 





60 j 

, 1,455 

■ ‘350 |8, 775 1 

' ‘ - 

7 hours : 

1 6.820 

I 07 






. 19 

1.474 ‘ 

186.58,961.5' 

' _j 7 00 j 

Total : 

215.075 

3, 059 

10,080 



il 474 


i 1 

Average 

! 7, 416 

105. 5^ 

360 



1 

52.6 


316-4 

" ; 1 

! 



r-j 

i 

1 



---j 
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TxVBLE IV . — Ohservations in delail of the tests of coals — Continued. 

B.~SECOND TEST OP COAL FROM WESTWALDSEND, AUSTRALIA-~™84 FIRINGS 

DURING 7-HOUR TEST. 


[Test No. 2, Table II. 1 


Time alter 
starting. 

steam pressure 
gauge. 

Tem- 
pera- 
ture of 
Hue 
gases, 
base of 
stack. 

Averagi^ com- 
position of iliie 
gases, in per cent. 

Kilos of coal 
burned— 

Kilos of 
wuler fed to 
boiler— 

Eire 

raked 

or 

slic- 

ed. 

time 

after 

start- 

ing- 

Clean- 
ed lire, 
time 
after 
start- 
ing. 

Kilos 

per 

square 

centi- 

meter. 

P oil n els 
per 

square 

inch. 

co,> 

0^ 

CO 

Dur- 

ing 

pe- 

riod. 

Total. 

Dur- 

ing 

pe- 

riod. 

Total . 












h. m. 

h. in. 

■R^iefinning . 

6.961 

99 

360 











0 00 

I hour 

7.031 

100 

400 






GO 

60 

325 

325 


A hour 

7. 153 

106 

355 






60 

120 

325 

650 



1 hour 

7. 664 

109 

350 






50 

170 

325 

965 

0 42 


1 hour 

7. 882 

105 

350 






50 

220 

325 

1,300 



hours — 

7. 593 

IDS 

885 


no.o 

5.4 

0.0 


50 

270 

325 

1, 625 



IJ hours 

7, 664 

109 

355 






50 

320 

325 

1, 950 



11 hours — 

7.593 

108 

350 






50 

370 

325 

2, 275 



2 hours 

7. 523 

107 

335 






50 

420 

325 

2, 600 



2| hours — 

7. 172 
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350 






50 

470 

325 

2, 925 



2i hours — 

CO 

1" 

no 

3(50 






. 50 

520 

325 

3, 250 



hours — 

7.458 

106 

365 






50 

570 

325 

3, 575 



3 hours 

7.804 

111 

350 






50 

620 

325 

3,900 



3i hours — 

7.172 

102 

335 






50 

670 

325 

4, 225 



hours — 

7.172 

102 

840 






50 

720 

325 

4,550 



3| hours i 

7. 664 

109 

340 






50 

770 

325 

4, 875 



4 hours - 

7.875 

112 

340 






50 

820 

325 

5, 200 



4-J hour.s — 

7.172 

102 

380 


•10.2 

6.3 

0.0 


00 

880 

300 

5, 500 


4 15 

t 4|hotirs ’ 

6.961 

99 

360 






60 

940 

200 

5, 700 



! 












(4 31 


4| hours 

6.539 

93 

350 






60 

1,000 

250 

5,950 

h 3l> 















14 39 


5 hours-. — 

5. 97t) 

i 

I 85 

360 






- 60 

1,060 

250 

6, 200 

|4 53 
I'l 57 


51 hours . — 

5. 625 

80 

390 






(50 

1 , 120 

250 

6, 450 



5| hours—,., 

5. 970 

85 

450 






CO 

1,180 

375 

6, 825 



hours 

7,593 

lOS 

520 






60 

1/210 

375 

7, 200 



6 hours 

7. 312 

104 

410 






60 

1, 300 

375 

7, *575 



64 hours 

7.523 

107 

340 


- 9.8 

7.7 

0.4 


60 

3 , 360 

375 

7, 950 



6^ houra 

7.172 

102 

330 






60 

1,420 

375 

8, 325 



6| hours — 

7,875 

112 

330 






. 60 

1,480 

876 

8, 700 



7 hours 

7.598 

108 

320 






- 17 

3,497 

175 

8,875 


7 00 

Total — 

210/227 

2,990 

10, 560 




! 1.497 


8,, 875 




ATerage 

7.249^ 

103.1 

364 







317 












i 







PHILIPPINE COALS AS PUEL. 325 

Table IV.—Olser-vaUons in detail of tJie tests of coals— Continued. 

p T5'TRST test of lump coal PEOM -WBSTWALDSBND, australia- 
C.— FlKbi PIRINQS during 7-hour test. 


[Test No. 3, Table II.] 


Kilos of ; i 
water fed to i 

boiler— jrakea'^ 
' or „ 

-1 slic- 1 
ed, ! 
time : 



Beginning- 

i hour 1 

i hour -1 

f hour I 

1 hour i 

II hours — j 

hours — j 
If hours j 

2 hours 

2i hours — 

24- hours 

2f hours — 

hours 

3-i- hours — 
34 hours — 
3i hours — 

4 hours 

4i- hours — 

44 hours 

4| hours — 

.5 hours 

5f hours 

51 hours — 
51 hours — 

§ hours 

04 hours — 
01 hours 
Of hours — 

7 hours 


7.172 
7.312 
7,875 ^ 
S. 156 
8. 086 
S.015 
8.QS6 i 
7.528 j 
7.523 i 
7.734 
S. 4o i 
7. 875 
7.804 
7. 242 
8. 086 
7.734 

7. 523 
7. 242 
7.804 

7.523 
7. 664 
8. 226 

7.523 
8.015 
7.664 
8.086 
8.220 
7.804 
S. 156 


Total ;226. 116 
Average I 7.70' 


102 

375 j' 

1 

1 

1 




104 

383 1 

; 1 

1 

45 


112 

410 1 

1 

1 

j 

45 


no 

400 

1 

1 

! 

45 


115 

381 

i 

1 



45 


114 

384 

1 


i 

45 


115 

388 

j 



45 


107 

360 

4.6 1 

L0.8 

o 

o 

4u ; 

107 

368 

t 



45 i 

no 

368 




45 i 

120 

388 




45 : 

112 

355 




45 , 

111 

i 364 j 



1 

45 ; 

103 

365 1 




45 ! 

115 

1 363 1 



! i 

[ 45 ' 

no 

1 411 i 

1 


1 ; 

45 ; 

107 

1 390 1 

; 1 1 

45 

103 

1 383 1 

; j j 

‘45 : 

111 

j 370 i 

! i ' 

45 

107 

i 392 ! 

! ; ; 

45 

109 

i 367 ; 

, i . ! 

45 ' 

117 

1 396 j 

• 9.4 

1 

1 8.6 

! 0.0 1 

45 ' 

107 

i 388 ! 


1 


114 

j 376 1 


1 

j 

45 j 

109 

, 396 



45 1 

! 

115 

j 370 


i 

^ 45 i 

117 

I 370 


i 1 

i i 

1 : 

in 

j 359 


i 1 

i 45 J 

116 

j 351 


i ! 

j 1 15.8 

3.216 

.10,971 

1 

_i 

„!_* — 

|l,233.8 

no. si 378 


i 44. 1 
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Table W.—Obscrvaiums in detail 0/ the IchIs of coa/.s' —Ooiitiimed. 

X^.—fIRST test of coal prom LICHZOW VALLE V, AUSTRALIA— 44 FIllINGf 
DURING G-HOUR TEST. 


[Tefjt No. 4, Table Tl.l 



yteain pres.su rc 
gauge. 

Teni- 
l)eni- 
ture of 
Hue 
gases. 
ba.se of 
stack. 

Average coin- 
])osition of lhu‘ 
gases, in per ecu t. 

Kilos of coal 
lairned— 

Kilos of 
water fed to 
Vsiiler-— 

Fire 

ra,k(‘(l 

or 

Slite 

ed, 

tina^ 

.'i-fter 

start- 

ing. 

(Tean- 
(sl lire, 

Time after 
starling. 

Kilos 

per 

square 

centi- 

meter. 

Pou nth's 
X)er 

square 

inch. 

COo 

On 

CO 


Lur- 

ing 

pe- 

riod. 

Tolal. 

Dur- 

ing 

pe- 

riod. 

Total. 

time 
a I'ter 
sta rt- 
ing. 













h: m. 

h.m. 

Beginnings, 
i hour 

7. 453 

lOG 

380 











0 00 

7. 875 

112 

385 






55 

55 

250 

2.5() 


i- hour 

8. m\ 

116 

365 






50 

105 

250 

500 



f hour 

7. 593 

lOS 

375 






50 

155 

250 

750 



1 hour 


110 

385 






50 

205 

300 

1,050 



hours 

7. 734 

no 

,355 






50 

255 

300 

1,350 



U hours 

7. 593 

108 

345 


ai.4 

O.G 

0.6 

. 

50 

305 

300 

] , 650 

J 21 


If hours 

7. 875 

112 

395 




50 

355 

300 

1 , 950 


2 hours 

S. 086 

115 

415 






50 

405 

455 

300 

2, 250 



2i hou rs 

8.08G 

115 

380 






50 

300 

2, 550 



2k hours 

7. 593 

108 

^ 350 






50 

505 

300 

2, 850 



2f hours — 

8.226 

117 

393 






50 

555 

300 

3, 150 
8, 450 
3, 750 
4,050 



S hours 

7.734 

no 

' 423 






*50 

605 

300 



gi hours 

7.804 

1 111 

3i)2 






40 

045 

300 


1 3 00 

3,i hours 

8.297 

; 118 

' 400 






55 

55 

700 

300 


3f hours 

^ 8.086 

1 115 

415 






755 

300 

1,350 



4 liaurs 

8, 2 '6 

117 

428 






50 

805 

300 

4,650 
4, 950 
5, 250 



4i- hours 

8.226 

117 

413 



! 



50 

855 

300 



41 hours 

8.015 

114 

410 


•11.4 

5 . 8 

0.2 


50 

905 

300- 



4f hours 

7,523 

107 

390 j 



50 

955 

200 

5,450 


4 43 

5 hours 

7,312 

104 

3B0 






50 

1,005 

1, or/> 
1,105 

250 

5,700 

6,000 

6,300 



hours 

8.226 

117 

385 






50 

300 



o| hours, 

7.875 

112 

395 






50 

300 



5f' hours- ' 

8.507 

121 

430 






50 

1,155 

1,174.-1 

300 

6,600 



6 hours 

7.875 

j' 112 







. 19.4 

too 

6,700 


6 00 











Total 

197.640 

2,812 

9,384 
, 301 





L174.4' 

6,700 

279 




Average.' 

7.906 

112.5 





48,9 
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Table IV. — Ohscrvations in detail of the tests of coals — CoiitiimecL 

-SECOND TEST OP COAL FROM LICHZOW VALLEY, AUSTRALIA— 60 FIRINGS 
DURING 62-HOUR TEST. 

[Test No. 5, Table IL] 


! steam pressure 
I gauge. 

i 


Time after 
starting. 


: Kilo.s 

I pet 

i square 
i ceutL 
! meter. 


Tem- 
pera- 

Lure of 

1 flue 

Pounds I gases, _ 
per ; ba.se td 
' square ; 

I inch. ' 


, Average com- 
position of flue i 
gases, in percent,' 


• stack. 


CO.. : o*> ' CO 


Beginning-- 

I hour 

k hoxir 

I hour 

1 hour 

li hours 

P- hours 

hours 

2 hours 

2i- hours 

2.} hours 

2f hours 

3 hours 

3i bouns 

3-i’ hours 

3| bonr.« — 

4 hours 

41: hours 

4.^ hours 

4i hours — 

5 hours 

5- 1 hours — , 
5 1 hours — 
51 hours 

6 hours 

6- 1* hours 

hours — 
6| hours — 


7. 031 
7. 101 
7. 453 
7,593 
7. 945 
8, 156 
7.312 
7. 242 
7.242 
7.804 

5.015 
8. 929 
7.734 

8. 015 
7. 523 
7. 453 
7. 734 
7. 523 
7. 453 
7.242 
7.664 
7. 523 
7.734 
7. 453 
7. 945 
7.101 
6.961 I 
7.101 ! 


100 

101 

106 

108 

113 
116 
104' 
103 
103 
111 

114 
127 
110 
114 
107 
106 
110 
107 
106 
103 
109 
107 

no 

106 

113 

101 

09 

101 


320 j 
325 j 
385 j 
435 j 
427 I 
425 I 
435 I 
445 I 
470 I 
MT: 
507 1 
420 I 
395 ! 
400 ! 
397 ; 
395 I 
400 
407 I 
400 : 
390 I 
365 ; 
360 I 
348 ; 
364 j 
340 I 
335 ’ 


Kilos of coal 
burned— 


Kilo.s of 
water fed to 
boiler— 


I I 

11.5 j 3.4 i 0.4 


1 


10.2 ; 8.0 0.2 


iJiir- ; , 

' Total. ' 

rloii. 


I) ur- 
ine' 
P<^- 
riod. 


Total. 


Fire ! 
raked 
or 

slic- 

ed, 

: time 
after 
-Sturt 

‘ ing- 


Clean-! 
,ed fire. 

time 
! after i 
: .start- ' 
i ing. i 


h. 111. ‘ 


h.m. 

0 00 


Total ''211,982 

Average} 7.571 ; 


3,015 

107. 


|10,407 
Ti 400 j,.. 


60 

60 

300 

1 300 

! i 

; 

55 

115 

300 

t!00 


50 

165 

300 

1 900 

: 0 31 ; 

50 

215 

300 

1,200 

' ; 

50 

265 

300 

! 1,500 


50 

315 

200 

'1,700 

1 21 ' 

50 

365 

200 

1,900 

' 

50 

415 

200 

:2, 100 

1 43 ' 

50 

465 

200 

i2,300 


50 

515 

200 

2,500 

: i 

50 

5C5 

200 

2, TOO 


50 

615 

300 

8,000 

i 1 

50 

665 

300 

3,300 

! — 

50 

715 

300 

3,600 

s, ! 

50 

705 

300 

3,900 

: 

50 

1 S15 

: 300 

;4, too 

'■ 3 52 

50 

: 865 

300 

4, 500 


50 

! 915 

3«.i0 

4,80() 

* I 

50 

: 965 

300 

5,100 

, J j 

50 

! 1,015 

300 

:5,400 


50 

' l,0t>5 

: 300 

5,700 

'■ ' 1 

50 

1,115 

j 3CK3 

'6,000 



50 

i 1,165 

; 300 

,6, 300 

i ' 

50 

' 1,215 

1 300 

6, 600 

j ' 

50 

; 1,265 

j 300 

’6,900 

' 6 05 ; : 

50 

i' 1,315 

i 300 

7,200 

: i 

194 

; 1,3341 

! 117. 

67,317. 

6'-- I 6 42 'j 

' 

3344 

49.4 

: 

7,317.6' 

27'i. '' 
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Table IV . — Ohseymiions in detail of the tests of coals — Continued. 

F.— TEST OF COAL FROM YOSHINOTANI (KARATSU), KIUSHU ISLAND, JAPAN-- 
61 FIRINGS DURING 7-HOUR TKST. 


[Test No. 6. Table 11.] 



Steam pressure 

Tem- 
pera- 
ture of 
line 
ga.scs, 

Average com- 
position of tine 

Kilos of (toal 
burned— 

Kilns of 
water led to 

Fire 



gauge. 

gases, in percent. 

boiler— 

ra,ked 

or 

.slic- 

(‘d, 

time 

Clean- 
ed (ire, 
time 

Time after 










starting. 

Kilos 

Pounds 




Dnr- 


J)nr- 


after 


square 

centi- 

meter. 

per 

.square 

inch. 

ba.se of 
.slack. 

(lOo 

Oo 

(X) 

ing 

pe- 

riod. 

Total . 

ing 

pe- 

riod. 

Total. 

after 

start- 

ing. 

start - 
ing. 











' 

h.ni. 

h. in. 

Beginning— 
i hour 

7.804 

Ill 

330 











0 00 

8. 015 

114 

340 






70 

70 

200 

200 


^ honr 

8.015 

114 

333 






70 

140 

200 

400 



1 ]iour 

7. 945 

113 

320 






60 

200 

250 

650 



1 honr 

7. 734 

110 

270 






00 

200 

250 

900 



11 honns 

7. 875 

112 

335 






60 

820 

250 

1.150 



1-^ hours 

7. 523 

107 

359 


rll.‘2 

5.4 

0. 6 


60 

380 

800 

1,150 



If hours 

7, 875 

112 

325 






60 

440 

300 

1,750 

1 45 


2 hours 

7. 875 

112 

338 






60 

500 

300 

2, 050 


J 

1 

n 

o 

xi 

7.875 

112 

385 






60 

500 

300 

2, 350 



2-J- hours 

8. 015 

114 

360 






60 

020 

300 

2, 650 



2| hours 

7. 523 

107 

335 






60 

080 

300 

2, 950 



3 hours 

7. 453 

106 

310 






60 

740 

0 

2, 950 
3, 200 


2 49 

31 hours 

8. 015 

114 

i 325 






60 

800 

250 


3^ hours 

7. 593 

108 

( 285 






60 

SfK) 

25t> 

3, 450 



S} hours 

8.015 

114 

i 345 






60 

920 

300 

3,750 



4 hours 

7.945 

113 

1 335 


-1L2 

4.6 



60 

980 

300 

I 4,050 
4,350 



4|: hours 

i 7.593 

108 

320 


0.4 


60 

1,040 

300 



4lt hours 

7. 945 

113 

305 






60 

1, 100 

300 

4,650 



4§ hours 

7.875 

112 

315 






60 

1,160 

0 

4,650 


4 38 

r3 hours 

7. 875 

i 112 

325 






1 60 

1,220 

' 250 

4,900 


sellouts 

8. 367 

119 

855 






(50 

1,280 

1,340 

250 

5, 150 
5,450 



Si hours 

7.734 

110 

865 






00 

300 



5| hours 

7.875 

112 

335 






00 

1,400 

300 

5, 750 



6 hours 1 , 

7,593 

lOH 

340 


•10,8 

5.6 



00 

1, 4f)0 

250 

6,000 
6,300 ' 
6,600 
6,700 i 



61 hours 

7.523 

107 

325 


0,2 


60 

1,520 

300 



6k hours 

7.875 

112 

346 






60 

1, 580 
1,634 

300 

100 

6 16 


6f hours 

8. 086 

^ 115 

365 






54 

' tl 33 

7 hours, 

7,664 : 

109 

339 






: 0 

1,634 

1 144 

6,814 

— 

7 00 

> Total 

227,100 

3, 230 

9,665 




1. r»at 


6,844 

1 244, 8* 

, 




Ayerage 

7,831 

111.4 

333 





68.4 


-j 
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Table IV . — OhservciMons in detail of the tests of coals— Continued. 

G.~FIRST test op coal from YUBARI (HOKKAIDO PROVINCE) JAPAN— 59 
FIRINGS DURING 5-HOUR TEST. 

[Test No. 7, Table II.} 


Time after 
starting. 

Steam pressure 
gauge. 

Tem- 
pera- 
ture of 
flue 
gases, 
base of 
stack. 

Average com- 
position of flue 
gases, in per cent. 

Kilos of coal 
burned— 

Kilos of ‘ . 

water fed to j Fue ' 
boiler- Clean-, 

! H :edflre.' 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square- 

inch. 

COo 

0-2 

CO 

Dur- 

ing 

riod. 

Total. 

Dur- 

ing 

pe- 

riod. 

! ‘"ed' ! 

1 ing. 

: ' 













i h. m, : II m. 

Beginning-. 

8. 226 

117 

335 









i 0 no 

^ hour 

7. 804 

111 

354 






GO 

60 

825 

325 ! ! 

1 hour 

7. 945 

113 

360 






60 

120 

325 

650 ' , 

1 bnnr _ _ 

8. 086 

115 

354 






55 

175 

325 


1 hour - 

S.4S7 

120 

350 






55 

230 

325 

— , — . 

1,300 ! ’ 

u hOULS 

8. 086 

115 

SSO 






55 

285 

325 

i 1 

1,625 ' ! 

li hours 

7.593 

108 

354 






55 

340 

325 

1,950 i i i 






c 9.0 

9.2 

0.4 






hours 

7. 875 

112 







55 

395 

325 

2,275 i 1 i 

1 2 hours i 

7. 172 

102 

! 360 ! 






SO 

425 

200 

2,475 1 j 1 57 1 

1 hours ' 

7.812 

104 

370 






60 

485 

825 

2,800 ' ' 

1 2i hours 

7.312 

101 

364 ; 






60 

545 

325 

3,125 : i ; 

i 










i 


! q2 36 ; 5 

; 2^ hours 

7.031 

! 100 

1 

410 






55 

600 

1 325 

( 245 ' 

1 3 hours 

7. 242 

103 

1 460 



! 



. 55 

655 

' 325 

3,775 1 ' 1 

3| hours 

7. 312 

i 104 

1 438 



i 



■ 55 

710 

i 325 

■ 4,100 ! L_ ; 

S-i hours 

7. m 

1 111 

i 445 






55 

7f»5 

; 325 

i 4,425 f ! ; 

1 3| hours 

8. 156 

116 

! 448 

1 

i 

I 

1 J 


55 1 

820 

: 325 

i 4,750 ' ; 1 

' 4 hnnrs 

7. S7o 

112 

' 454 

1 





55 ' 

875 i 

325> 






► 5.0 i 

;I3.0 : 

; 0.6 : 






hours 

7. 804 

111 

1 460 ; 

1 


1 1 

1 


55 ! 

930 1 

325 

^ 5,400 ‘ ! 

I 4| hours ' 

7.382 

105 

1 447 i 



1 1 



55 ; 

985 

325 1 

5,725 j 

4| hours 

8.015 

114 

420 1 


i 

1 1 



i 55 

1,010 

325 

' 6,050 1 ' 1 

1 3 hours 

S.297 

118 

1 377 


1 ' 


1 


L 32.9 

1.072. 9 

52 

6,162' ’500 ! 

1 Total 

162. 706 

! *> 

i 8 ‘>a.n 



j 


LU7-> 9 


6,102 

; i 1 

j Average 

7. 750 

110 q! i?arv 








305 ' 







; 






‘ . J 
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Table IV. — Ohscrva lions in detail of the tests of coals — Coiitiinied. 

a— FIRST TEST OP COAL PROM LABUAN, BORNEO---’1 1,2 FIRINGS DURING 7-IIOUR 

TEST, 


[Test No. S, Table TL] 



Steam irressure | 
gauge. j 

Tcin- 
pera.- 
turt' of 
line 
ga.scs, 
base of 
stack. 

Average enm- 
position of flue, 
pises, in percent. 

Kilo.s of coal 
burned— 

Kilos of 
water re<l to 
boiler— 

Eire 

rnk(;d 

or 

Glean- 
ed lire, 

Time after 
starting. 

Kilos 

per 

square 

centi- 

meter. 

PoutuIh^ 
per 1 
square 
inch. 

COo 

o- 

CO 

Dur- 

ing 

pe- 

riod. 

Total. 

Ihir- 

ing 

pe- 

riod. 

Total. 

t‘d. 

tim(‘ 

after 

.Mt.arl- 

ing. 

time 
a f ter 
sta,rt- 
ing. 












h,m. 

h.vi. 

Begiiming— 
hnnr 

7. 664 

109 

375 









0 00 

7. 945 

113 

340 




70 

70 

200 

200 


hour .. ... 

7.172 

102 

330 




70 

140 

300 

500 



f hour 

7.523 

107 

340 




60 

200 

300 

800 



1 hour _ .. . 

7.SS2 

105 

380 

-11.8 

0 0 


•, 50 

250 

300 

1,100 

1,400 



1-J hours 

7. 172 

102 

37,5 


50 

300 

300 



1-i- hours 

7.312 

101 

350 




60 

360 

300 

1,700 



If hours 

7.312 

104 

345 




60 

420 

300 

2, OOO 



2 hours 

5. 976 

85 

280 




. 60 

480 

200 

2, 200 



2i hours 

6, 609 

94 

300 




60 

540 

250 

2,450 



2|- hours 

6. 258 

, 89 

365 




60 

600 

200 

2, 650 



2| hours 

5.484 

78 

315 




60 

660 

200 

2,850 

3,050 

3,250 



3 hours 

5. 273 

75 

235 




60 

720 

200 



3| hours - 

5. 625 

80 

320 




GO 

780 

200 


3 10 

3tf hours 

5.344 

76 

325 

'•11.5 

3.5 


< 75 

855 

200 

3,450 
3, 650 
3, 900 
4,250 


3| hours j 

5.025 

80 

400 




75 

930 

200 

250 



4 hours * 

5.765 

82 

400 




75 

1,0 J5 



4|- hours 1 

6,328 

90 

410 




75 1 

1,080 

350 



6. 609 

94 

415 





j'T 19 


41 hours 




. 75 

1,155 

400 

4, 650 

I'R 25 


4f hours 

7,242 

103 

400 




' 75 

1,230 

400 

5, 050 

M 39 


5 hours,. >». 

7.593 

108 

425 




75 

1,305 

1,380 

1,450 

400 

5, 450 


5f .hours 

7.312 

104 

410 




75 

400 

5, 850 
6,250 
6, <550 
7, 050 


- 

6i hours 

7. 172 

102 

400 1 




70 

400 


j 

fil hours 

7.172 

102 

410 

^ 8.6 

. i 

70 

1,520 

400 



6 hours 

7.312 

104 

»450 

7.2 


70 

1,590 

400 



di hours 

7,804 

in 

M95 




70 

1,660 

400 

7, 450 



6'| hours 

7. 312 

,104 

“510 




70 

1,730 
1, 791 

400 

7,850 
8, 150 



6| limirs 

7.593 

108 

365 




61 

300 



7 hours 

, 7.312 

104 

370 




1 0 

1,791 

140 

8,290 


7 00 










Total 

.198.202 

2,819 

10, 935 




1,791 

64 


8,290 

296 




, Average 

' 6.834 

' 97.5 

>' ,g77 


















“ Thi^ Mai was tinusually sooty, depositing enongR on the tubes in this day's mn to burn 
oflf'at'this tiine. ; 

;; ' , This group ' represents, the e3£travagance of a native fireman. Green coal was thrown 
,onh) the, fire and then' inixed.with that already on ,the grate, causing much loss of fuel. 
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Table IY . — Ohser vat ions in detail of the tests of coals — Coiitiiiiied. 

I.—- SECOND TEST OF COAL FROM LABUAN, BORNEO— 113 FIRINGS DURING 

6i-HOUR TEST. 

[Test No. 9, Table II.] 


Time after 
starting. 

Steam pressure 
gauge. 

Tem- 
pera- _ 

Average com- 
position of flue 
gases, in per cent. 

Kilos of coal 1 
burned— j 

i 

Kilos of 

waiter fed to | ^'u*e 
boiler — raked 

! 

1 

Clean-1 
ed Are, 
time 
after 
starl- 
ing. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

ture of 
flue 
gases, 
base of 
stack. 

GCL 

Go 

i 

CO 1 

j 

Dur- 

ing 

pe- 

riod. 

Total. 1 

Dur- 

ing 

pe- 

riod. 

i vSilC- 

’ ed. 

I time 

1 iug. 







1 




k.m. 

li.m. 

Beginning— 

7. S04 

Ill 

340 




1 





0 00 



109 

340 





75 

75 1 

300 

SOO ' > 




7. 172 

102 

335 




I 

75 

150 ! 

soo 

600 



7. 172 

102 

350 





65 

215 ' 

280 

S80 ! 



7. 523 

107 

350 






65 

280 i 

280 

1,160 ! 



7. 593 

lOS 







65 

345 j 

280 

1,440 



7. 172 

102 

380 


"11.8 

4.6 




65 

410 1 

280 

1,720 ' . 



7. 172 

102 







65 

1 

475 ; 

280 

2, 000 



0 001 

99 

395 






65 

1 

540 ! 

280 

2.2sn : 


21 hours 

7.172 

102 ^ 

390 






70 

610 ! 

280 

2,560 i 


2|- hours 

7. 172 

102 

«4S5 






70 

680 1 

280 

2,840 i 2 30 

— 

2f hours 

7.172 

102 

M85 j 





70 

750 j 

2S0 

3.120 i 

1 

9, Tinnrs 


99 

»500 





1 70 

820 ! 

280 

3, 400 ! 

1 

^ hours — 

6.820 

97 

405 h 





70 

890 1 

280 

3, 680 1 

i 

hours — 

6.820 

1 97 

395 



: i 



70 

1 900 1 

280 

: 3,960 i 

3 30 

hours 

; 7.523 

i 107 

410 



i i 



70 

! 1,030 1 

330 

1 4,290 1 


J. I'IAFTT<S 


1 107 

jin 

410 






70 

; 1, 100 i 

330 

1 4,620 i 


*± IJLUUiJlO 

41- hours 

1 7. 875 

1 112 

440 






70 

j 1,170 I 

330 

■ 4,950'l 



4i hours 

1 7.523 

; 107 

375 






70 

1 1,240 i 

330 

5,280 

— 

4| hours 

7.875 

i 112 

370 


.10 g 


i. 

70 ' 

i 1,310 1 

330 

' 5,010 ! 


5 hours 

7. 382 

; 105 

400 



0. 1 


70 

i 1,380 1 

330 

i 5,940 ! 


51' hours 

7. G04 

109 

375 




1 

70 

1 1,450 ; 

330 

6,270 : ' 



5^' hours 

7. 382 

i 105 

385 




j 

70 

1 1,520 i 

330 

6,600 i — 



5| hours 

7. 453 

1 106 

390 





70 

1 1,590 j 

330 

6,930 ’ 


6 hours 

7.242 

j 103 

405 




i 

TO 

j 1,660 i 

330 ! 

7,260 i 5 46 

— 

01 hours 

7.004 

i 109 

465 




1 

70 

i 1,730 ! 

330 : 

7,590 • 


01 hours — 

7,593 

1 108 

400 




i 1 61 

1 1,791 1 

330 ’ 

7,920 ; 


0| hours 

7. 172 

1 102 


— 


j 

!_ 

0 

i 1,791 ; 

164 

8,084 ' 

6 40 

Total — 

206 221 

i 2,933 

1 u 7an ! 



4 7CU 

! r 

8,084 


j 

I / . 36o 

1 1 A J ^ 




"i 


299 

i ■- i 

Ayerage 


iU'i. i 





i ! 

.. — _ 


« This coal was unusually sooty depositing enough on the tubes in a few hours to burn 
off at this time. 
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Table IV. — Olscr vat ions in detail of the tests of coals — Contiiiiiecl. 


-FIRST TEST OF COAL FROM THE MILITARY RESERVx\TION, BATAN ISLAND- 
100 FIRING'S DURING 7 5 -HOUR TEST. 

[Test No. 10, Table II. j 


Time niter 
starting-. 

Steam pressure 
gauge. 

Tem- 

pera-^ 

x^yerage com- 
position of flue 
gases, in percent. 

Kilos of coal 
burned— 

Eilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

ture of 
flue 
gases, 
base of 
stack. 

CO. 

0*: CO 

Dur- 

ing 

nod. 

Total. 

Beginning— 

7. 87t5 

112 

370 

1 






1 hour 

7.212 

103 

390 





70 

70 

1 hour 

7. 312 

104 

41ft 





65 

135 

5 hour 

6. 539 

93 

435 





65 

200 

1 hour 

6.890 

98 

430 



1 

i 


65 

265 

11 hours 

6.S20 

97 

455 



1 

1 


65 

330 

1 i hours 

6.679 

95 

470 


•11.0 

3.4 0.0 


65 

395 

1| hours 

6. 890 

9S 

390 





65 

460 

2 hour.? 

7.382 

105 

420 





65 

525 

hours 

7.ft93 

108 

460 






'595 

' 2^ hours 

7. 804 

111 

420 





65 

G60 

2f hours 

7. 172 

102 

385 



j 


65 

725 

3 hours ' 

7. 101 

101 

425 • 




. 70 

795 

31 hours 

6. 609 

94 

410 

1 




70 

S6ft 

hours i 

7.812 

104 

425 



I j 


65 

' 930 

31 hours j 

8.156 

116 

420 



1 


65 

995 

4 hours 

7. 87ft 1 

112 1 

420 



i 1 


Oft 

; 1,060 

-ii hours 

7.8S2 

105 

400 



1 ! 


Oft 

1,12ft 

4^ hours 

: 7.593 

lOS 

420 





70 : 

1,195 

4| hours 

: 7.453 

106 

400 



! 1 

1 

70 

1,265 

ft hours.—. 

7.312 

104 

405 





70 ! 

1,335 

5| hours 

, 7.S75 

112 

400 





6ft 

1 1,400 




i 

■11.G 

4.4 0.0 




ft| hours 

I 7. 875 

112 'I 

405 j 




65 

1 1,465 

51 hours ' 

! 7. 875 

1 112 1 

405 ' 




65 i 

i 1,530 

6 hours — 

1 7.528 

1 107 

400 





65 

1,595 

61 hours 

7.382 

105 1 

415 





65 

1,660 

61 hours 

7.734 

110 ; 

440 





65 

1, 725 

'6| hours - 

7.528 

107 

,425 





65 : 

1,790 

' 7 hours 

7.875 i 

112 

410 





65 1 

1,855 

'7i hours 

7.623 i 

I 107 

39ft ' 





65 

1,920 

; '71 hours—. 

7.734 i 

1' 110 j 

■366 





. 27.8 

1,947.8 

; , Total 

229.910 1 

"'3,270' , 

12,825 


— 

1,947.8 



7.417 i 

m.^ 

414' 



64.9 

! 


Kilos of 

water fed to Fire 
l)oiler— jraked 

1 .?L 

Clean- 
ed tire, 

Dur- 

ing 

pe- 

riod. 

ert, 

time 

Total, -to 
ing. 

time 

after 

start- 

ing. 


h,m. 

h. m. 



0 00 

275 

275 


27.-, 

550 0 25 


275 

825 0 33 



1,100 

ilo 51) 


275 


21b 

, (1 03 

1,3/0 { 

Xl 11 



, 'fl 20 


275 

ill 25 

1,925 
, lU 42 



275 


275 

2,200 

’ ll 58 


275 

2,475 2 Of) 



275 

2,7.50 2 IS 


100 

2,850 1... 

2 40 

150 

If2 50 


275 

8,275 1 3 11 


275 

3,550 3 17 


275 

3,825 3 38 


275 

4,100 


275 

■ 4,37.5 4 02 


200 

4,575 4 29 ; 

4 20 

200 

4,77ft 

4 44 

275 

5,0.50 4 54 


275 

5.22.5 

lo If) 

i' 

275 

5,600 5 25 


275 

5,875 — 



27.5 

a p’u 


275 

6,425 6 02 


275 

6,700 

! 

275 ' 

6,975 

G 39 

275 

7,250 7 00 

6 57 

275 

7,525 



1 166 

7, 691 7 22 





7, 691 



256 
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T-vble IV . — Ohscrvct lions in dctciiZ of tli6 i€sis of cools Conti miGcl. 

K —SECOND TEST OF GOAD FROM THE MILITARY RESERVATION, BATAN 
ISLAND— 64 FIRINGS DURING TCs-HOrR TEST. 

[Test No. 11, Table II.] 


i 1 

i steam pressure 
i gauge. ! 

: i 

j 

Tern- ’g 
pera- j 

Average com- ; 
position of flue | 
ises, in percent.- 

burned 1 toiler— C-ean-i 

or 

Time after i 
starting, j 

i 

Kilos 

per 

quare 

eeiiti- 

neter. 



j 

Vnmls 1 
per 1 
square i 
inch, i 

ure of; 
flue j 
jase.s, ; 
ase of 1 
stack. 1 

j 

CO2 

i 

0 -2 j 

i 

{ 

coj 

; 

] 

Dur- i 

' Total. : 

nod. 

' ed, ; 
Dur- time 

ing ’ T : after 

X>e- start-: 

rifid. ; ; ing. , 

nme 
after > 
Vtirt- ; 
ing. ; 


8. 367 I 
7.945 ; 

i 

i 

119 ; 
113 1 

310 r 
315 1 

i 


1 

[" : _ 



h.iii. 

li.m. 

13 00 

Beginning— 

1- hour i 

1 



60 

60 ; 
120 

ISO 

240- : 
300 ; 
360 j 
420 

480 ! 
540 ’ 
600 1 
860 1 

225 

225 I 
225 

225 i 

225 

225 i 
225 

225 ' 

225 : 

1 

200 1 


; 

-i- hour 1 

1 hour ' 

1 hour : 

7.664 1 
7.664 i 

7.734 

109 

109 

110 

bOO j 
305 i 
315 : 

- 7.8 

7.8 

0.6 

60 

60 1 

60 I 

60 : 

675 ; 

900 1 

1,125 1 07 

1.350 i ' 

i 

1 

, . , .... } 

hours 1 

hi hours 

7. 734 

7. 875 

110 

112 

360 ! 
365 





1 11 hours 

j 2 hours ! 

7. 875 

7. 593 

112 

lOS 

340 

320 



j 

1 

, 60 i 
60 ■ 
60 i 
60 

1,800 i 1 50 

2 025 j. 

! 

1 2i hours 1 

7.734 

liu 

300 
300 1 
282 1 




1 

2 26 i 

2^ hours — i 
21 hours, — 1 

7. 374 
7.172 

110 
102 ■ 



I 

1 

225 ^ 

2,450 ! 

1 

i 

3 hours I 

7. 804 

111 

315 i 



1 1 

60 : 

( 

200 

2,875 i 

J 

j Si hours 1 

I Si hours — i 
; 31 hours 1 

7.875 

8.226 

7.523 

112 

. 117 

107 

315 

290 

300 

. 7.5 

i 

7.3 

0.9 j 

i ! 

55 1 
55 1 

55 ; 
55 ■ 

. 55 ; 

■ 55 ; 

830 ! 
885 

940 

995 

1,050 

1,105 

1,160 

200 

200 

200 

200 

200 

200 

200 

200 

3.075 ' 

2,275 ! 

3, 475 3 54 

3,675 1 

3,875 : 

4.075 : 

A 075; i 

i 

' 1 

1 

! 4 hours 

1 4i hours 

1 4.i hours 

4| hours 

7.946 
7. 664 
7.875 
7.382 

113 

109 

112 

I' 105 

290 1 
310 j 
320 1 
288 

1 

i 

1 

1 

! i 

I 1 

! 1 


5 hours 

7.945 

113 

310 




55 


5i hours — : 

7.604 

109 

300 




i o5 1 

1 , iia 1 
1 OTll ^ 

200 

200 

200 

200 

200 

200 

. 158 

0 

4 675 ! 

5i hours — 

8. 015 

' 114 

310 


i 


j 55 ' 

1,S25 

i,m 

J 57-;. i 

5| hours 

7, 734 

; no 

288 


L, 

i 

1 55 j 
^ -5 55 i 



6 hours 

7. o23 

‘ 107 

310 

.8.2 

I 6.2 

1 1.1 


1 

f(i hours 

7. 804 

1 111 

300 



i 

1 : 

j 55 , 

1 55 I 

j 42.6’; 

1 J *iOD 

1 JQA 

i 5 1 


G| hours — 

7. 734 

1 no 

300 

1 



J., iyu 



6| hours „ — 

7.523 1 107 

310 

1 


i 

WO 

1.587. tl 

1.587. tj 

j 5 L 


7 hours 

7.731 

; no 

310 

i 

1 


I 

j .5 833 L,_ 

7 05 

7jh hours — 


_| 

— 




; 1 0 j 

■i ' j 


Total — 

.>225.061 

I 3,201 

i „ 

8,983 
4 310 


— 

1 

.1,587,6;. 

.i 66.7!, 

i 1 


5, 833 

1 208. i 



Average 

I 7.761 

! no. 



i 


1 

1 i 


75034 

3 



334 


cox. 


Table IV. — OhservaUous in detail of the tests of coals — Continued. 


L, —third test of coae from the military reservation, batan island— 

56 FIRINGS DURING 7-HOUR TEST. 

[Test No. 12, Table II.] 


Time after 
starting. 

Steam pressure 
gauge. 

Tem- 
pera- 
ture of 
flue 
gases, 
))ase of 
stack. 


Average com- 
position of flue 
ases, in per cent. 

Kilos of coal 
burned-— 

Kilos of 
water fed to 
boiler — 

Fire' 

raked 

or 

slic- 

ed, 

time 

after 

start- 

ing. 

Glean- 
ed tire, 
time 
after 
.start- 
ing. 

Kilos 

per 

scjuare 

centi- 

meter. 

Pounds 

per 

square 

inch. 

CO.. 

0.. 

“ 

CO 

Dur- 

ing 

nod. 

Total. 

Dur- 

pe- 

riod. 

Total. 












h. m. 

h.'iii. 

Beginning-- 

7.804 

Ill 

300 











0 00 ! 


7. 664 

109 

330 






60 

60 

225 

225 


i 

hour 

7. 734 

110 

330 






60 

120 

225 

450 




7. 945 

113 

345 






60 

ISO 

225 

675 

0 43 


1 hour 

7, 945 

113 

355 






60 

240 

225 

900 



11 hours 

7. 875 

112 

330 






60 

300 

225 

1, 125 




7. 664 

109 

315 






CO 

360 

225 

1, 315 



If hours 

7. 875 

132 

320 



8.0 

1.4 


60 

420 

225 

1, 575 



2 hours _ 

7.804 

HI 

290 






60 

480 

225 

1,800 



21 hours 

8.015 

114 

2S5 






60 

540 

225 

2, 025 




21 hours 

7.312 

104 

435 






60 

600 

225 

2, 250 




2| hours 

S. 015 

314 

380 






55 

655 

225 

2, 475 



8 hours 

7. 875 

112 

' 345 






55 

710 

225 

2, 700 

I 


31 hours 

8. 0S6 

Ho 

i 320 






55 

7<)5 

225 

2, 925 


1 

8,i hours 

7. 875 

132 

350 






65 

820 

225 

3, 150 



3| hours 

7.945 

113 

310 






55 

875 

225 

' 3,375 



4 hours 

7.382 

105 

290 i 






55 

930 

200 

1 3, 575 



41 hours 

8.297 

138 

^ 350 






55 

985 

200 

! 3, 775 

i 


41 hours 

7.312 

104 

340 ; 






55 

1,010 

1 200 

1 3,975 



4| hours ' 

7.875 1 

i 112 

315 : 






55 

1,095 

200 

4,175 



5 hours 

8.015 I 

114' 

330 ; 






55 

1,150 

200 

4,375 


i 

51 hours 

7.523 i 

107 

1 300 






55 

1,205 

‘ 200 

4, 575 


1 

51 hours 

7. 664 

109 

: 325 

1 

- 8,8 

1 6.8 

0,4 


55 

1, 260 

1 200 : 

4, 775 


i 

5f hours 

7.734 

110 

830 






55 

1, 315 

1 

1 200 

4,975 ! 

■ ' 

5 35 

Q hours 

7.523 i 

107 

390 

i 





55 

1,370 

200 

5,175 

i 


61 hnura 

7. 664 

109 

340 






55 

1,425 

1 200 

5,375 ! 

to 03 : 













1 


16 12 


61 hoii.rs ' 

7. 593 

108 

335 






55 

1,470 

200 

5,575 

6 25 


6f hours 

7. 664 

109 

, 365 






55 

1,535 

i 200 

i 5,775 

6 35 


7 hours i 

7. 382 

105 

' 340 i 

i 





. 27.6 

l,562.6i 

j 

178 

5,963 


7 00 

Total ' 

225. 061 

3,201 

9,690 




1,562.6 


5,953 




Average 

7.761 

110.4 

334 




55.8 


1 212.6 











i 


! 






PHILIPPINE COALS AS FUEL. 


335 


Table IV . — Observations in detail of the tests of cools-— Continued. 

M. — FIRST TEST OP LUMP GOAL FROM THE MILITARY RESERVATION, BATAN 
ISLAND— 7C FIRINGS DURING 7-HOUR TEST. 

[Test No. 13, Table II. J 


Time after 
starting. 


j Beginning— 

‘ I hour 

I hour 

i I Lour 

1 hour 

iiouns 

1-i- hours 

If hours — — 

2 hours 

I 21 hours 1 

I 2^ hours j 

i 2f hours 1 

: 3 hours I 

I 3-1 hours I 

i 3-i- hours i 

I 3| hours ; 

i 4 hours j 

j 4^ hours I 

i 4i hours i 

4f hours j 

i 5 hours I 

! 51 hours j 

5i hours I 

5| hours — I 

6 hours 1 

: 61 hours i 

I hours 

j, 6| hours 

I 7 hours 

I Total j 

Average | 


Steam pressure 
gauge. 


Kilos 

per 


jPounds; gases. 

smmre! (base of; 

■ S(iuare stack. • 
centi- ; .U,-, i I 

meter, t i | 


^ jpSroffSAi Kilos o, coal 
Tern- igases, in per cent.: burue-l 
pera- , i 

ture of, 

flue 1 


Kilos of 
v'ater fed to 
boiler — 


COs 


1 


I i 

Oo ! CO i 


Dur- 

ing 

pe- 

riod. 


Dur- ; 


Total. 


pe- 

riod. 


; Total. 


: Fire 
Faked 
; or 
. slie- 
’ ed. 

, time 
after 
' start- J 
iug. : 


Clean-i 
ed fire, 
time . 
after ' 

; start- , 
ing. 


/am. i h^m. 


7.172 

102 








' a (¥1 


109 






65 

65 

310 

am i 1 

7. 664 

109 

405 





60 

135 

310 

620 i 

7. 593 

108 

395 




1 

60 

195 

310 

930 : L_ 

7.523 

107 

430 





60 

255 

310 

1,240 ’ 0 55 ; 

7.S04 

111 

440 


S^ll.6 

6.2 

0,6 A 

60 

315 

310 

1,550 ' ; 

7.523 

107 

450 




I 

60 

375 

310 

1,860 ■ — 

7.382 

105 

445 




1 

55 

430 

3in 

2.170 ' 

7.784 

110 

44S 




; 

55 

485 

310 

2,480 ’ 

7. 6(54 

109 

397 


1 

j 

55 

540 

310 

2,790 ; ‘ 

7.453 

106 

430 


; 

1 

60 

600 

310 

3, 100 ' ' 2 25 

7.242 

103 

442 




i 

60 

660 

310 

3,410 1 ' 

7.523 

107 

465 




I 

1 

55 

715 

310 

3,720 ; ' 

7. 382 

105 

440 




' 

55 

770 ; 

310 

4,030 ' ' 

7. 523 

107 

435 




« . i 

55 

825 ‘ 

' 310 

4,340 ; ' 





^11.0 

7.2 

0.4 I- 





7. 734 

110 

420 






SSO ; 

310 

4,650 

S.226 

117 j 

! 405 1 




i 1 

m \ 

935 i 

310 

4,960 ’ ' 

7,875 

112 

378 ; 




55 1 

1 990 

310 ; 

5.270 ' : 

8.307 i 

118 

385 iJ 



1 

^ 55 1 

1 3,045 

310 

5,580 ‘ 

7.382 

: 105 

370 




1 

r 55 1 

1,100 

310 i 

5,890 i i ! 

7.945 

113 

385 





55 

1 l,lu5 

310 ■ 

6,200 ^ ! i 

7.S04 

i 111 

400 ; 



: 1 

50 i 

i 1,205 i 

310 : 

6,510 ; 5 15 ; 

7.312 ; 

! 104 1 

400 i 



i ! 

GO 

! 1,265 i 

310 i 

6,820 !_ ' 

7.523 

107 

380 i 



i ' 

60 

' 1,325 1 

310 

7,130 ' ' ! 

8.507 

121 

390 

hlO.8 

7.3 

0,s. - 

55 

1,380 

310 i 

7,440 i ! ' 

8.015 : 

: 114 

400 1 



j 

55 ■ 

1,435^ 

310 i 

7.750 1 L, — 

7.664 : 

i 109 

412 ' 




j J 

1,490' 1 

310 ! 

8,060 ' - — ; 

7.664 

109 

415 i 




1 55 'j 

1,545, i 

310 1 

8,370 L- 1 

7,242 

i 103 : 

432 ;J 



i 

! 

1 27,5; 

1,572.5' 

19S 

8,568 : 7 00 i 

220.046 

1 3 , 

n TQi ! 




8,568 . 


7.656 

108.9 

4141 


56.1 

A 

306 ; 




1 
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Table W.—Ohser-vations in detail of the tests of coaZs— Continued. 

X. SECOND TEST OP LUMP COAL PROM THE MILITARY RESERVATION, BATAN 

ISLAND — 89 FIRINGS DURING Gfi-HOUR TEST. 


[Test No. 14, Table II.] 


Time after 
startiiii?. 


Steam pressure 
gauge. 


; Kilos 

I per 

i square 
centi- 
; meter. 


Pounds 

per 

square 

inch. 


Beginning— I 

i hour ! 

I hour j 

I hour j 

1 hour 1 

li hours ! 

U hours 

If hours ' 

2 hours 

2|: hours 

2^ hours — I 
2| hours : 

3 hours 

3| hours 

3.i hours 

3f hours 

4 llOULS j 

hours ! 

'41 hours 
4 1 hours 

5 hours 
6 1 hours 

5|- hours 

5i hours I 

6 houns 

61: hours 

6^ hours , 

6f hours 

f>| hours 

Total 

Average 


I 

8.156 i 
7.734 j 

5.086 I 
S.08G i 

7.664 I 

7.664 I 

7.664 I 
S.437 ; 
7.804 j 
7.945 I 
7.3S2 j 
7. 593 
7.664 
8.015 
7. 804 
S. 015 
8. 0S6 
8. 156 
7. 875 

8. 086 
8.015 
7. 664 
7. 3S2 
7.5-23 
8. 367 
7.664 
8.015 
7.734 
7.734 


'228.014 

7.862 


116 

110 

115 

115 

109 

109 

109 

120 

111 

113 
105 
108 
109 

114 
111 

114 

115 

116 
112 
115 
114 
109 
105 
107 
119 
109 
114 

no 

no 


i Average com- ; Kpos of coal 
I position of flue ! burned— 
rein- ga.eed, inpercent! 
pera- i i 

til re of , 

flue I 
gasc.s, ! 
base of i qq ^ 


.stack. ! 


o.> 


CO 


i Diir- 
; ing 
i pe- 

i Tied. 


3, 243 

111.81 


400 

430 

430 

430 

388 

392 
408 
426 

393 
380 
375 
410 
400 
870 

389 
400 
SSO 
344 
402 
380 
386 
372 
890 
380 

384 
397 

385 
365 


10.0 I 7.4 : 0.2 


8.0 


il0.G 


0.0 


|10,986 ™ 
392,4 „ 


60 

55 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

62 

52 

52 

52 

52 

52 

52 

52 

41, 3i 
0 


Total. 


60 
115 
167 
219 
271 
328 
375 
427 
479 
531 
583 
635 
687 
739 
791 
S43 
895 
947 
999 
|1,051 
1, 103 
1,155 
1,207 
1,259 
1,311 
1, 3G3 
1,404.3| 
1, 404. 31 


Kilos of 
water fed to 
boiler— 


Dur- 

ing 

pe- 

riod. 


Total. 


I 


Fire 

raked 

or 

slic- 

ed, 

time 

after 

.start- 

ing. 


*'1,404, 

- 61.41 


300 

300 

300 

800 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

185 

0 


7,985 

292 


300 

600 

900 

1,200 

1.500 
1, 800 
2, 100 

2. 400 

2.700 

3. 000 

3.300 

3. 600 

3. 900 

4.200 

4.500 

4.800 
5,100 

5.400 

5. 700 

6. 000 

6.300 

6.600 

6.900 

7.200 

7. 500 

7.800 
7,985 
7,985 


h.ni. 

(‘) 


Clean- 
ied tire, 
j time 
j after 
I start- 
i ing. 


J 1 . 711 . 
0 00 


6 50 


a The fire on the grate was not disturbed during the entire run, 



PHILIPPINE COAI.S AS FUEL. 


337 


Table IV . — -Ohsermiions in detail of the tests of coals — Continued. 


O.—FIRST test op coal from BETTS’ MINE, BATAN ISLAND— 06 FIRINGS 
DURING 4-HOUR TEST. 

[Test No. 15, Table II.] 


i 


! I 

' Steam pressure j 
i gauge. j 


Time after 
starting. 


I Average com- ■ 
! position of flue i 
1 em- gases, in per cen 1. 1 
pera-; 


Kilos of coal 
burned— 


Kilos of 
i water fed to 
; boiler— 


Kilos 

per 

square 

centi- 

meter. 


ture ofj 

flue I 
Pounds I gases, : 

per Rase of; 
square i stack. ; ^ - 
inch. i 




CO 


Dur- 

ing 

pe- 

riod. 


Total. 


Dur- 

ing 

pe- 

riod. 


Total, 


: Fire 

Clean-: 

; sii.- 

! - , time 

■ after , 

'.start- 


Beginning— i 

6. 187 

1 hnnr 1 

5. 765 

.]liour 1 

5. 765 

1 hour ' 

5. 273 

Ibour 

5.203 

H hours ' 

5. 273 

li- hours — i 

5. 062 

hours 1 

4. Sol 

2 hours ! 

4.008 

2| hours 1 

j 3.937 

2^ hours 

; 4.078 

2| hours — 

! 4.008 

8 hours 

3.867 

31 hours 

3. 056 

3-1 hours 

3.104 

3| hours 

1 2.053 

4 hours 

: 2.953 


Total- -i 76.008 I 
Average! 4. 471 | 


I 



1 

l 



1 



1 

1 

'Ji.m, i h.m. 

88 

440 h 



if 




1 

‘ 0 00 

82 

465 j 



l! 

75 j 

75 

275 1 

275 i ' 

82 

412 j 

AL4 

7.4 

0. 0 iT 

75 1 

150 

275 

550 . 

75 

403 1 



ii 

75 j 

225 

275 ; 

825 0 45 : 

74 

540 q 



il 

75 ; 

300 

275 ! 

1,100 ' ! 

75 

520 



if 

75 ■; 

375 

275 1 

1,375 ; i 

72 

480 ! 



i 

75 i 

450 

275 i 

1,650 ! . 

69 

A- 14 2 
450 1 

4.0 

p 

o 

75 ; 

525 

275 ; 

1,925 ' 1 45 i 

57 

430 'i 



i 1 

75 

600 

275 

2,200 ' ■ 

56 




! , 

75 5 

675 

275 1 

2,475 ' 

58 

i 

415 i 



i 1 

75 1 

750 

275 1 

2.750 ' i i 

57 

405 4“-« 

6.4 ' 

, 1 

‘ 0.2 A 

70 1 

S20 

i 275 

3,025 ! 2 45 ; ; 

55 

360 ! 



i ^ 

70 i 

81^3 

275 ' 

3,300 ! i ! 

52 

363 


i j 


70 . 

960 i 

275 ; 

3,575 ! 

45 

292 1 


I 

' 1 

70 ! 

1,030 

275 ; 

3,850 ' ! ' 

42 

250 : 

)■ 7.8 .,10,0 

0.8 \ i 
i i 

70 , 

1,100 

275 ; 

4,125 ' '■ : 

42 

250 ; 



i 

34 ! 

1,134 , 

186 

4,311 1 4 00 : 

, 081 

a cuu) > 



1 ift4 ; 

Aan i 

1 

63.6 

400 i _ i 

i 

70. 9 - 


269.4’ 

t 1 

! 1 





! 1 i 
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Table IV . — Ohservations in detail of the tests of coals — Continued. 

P.— SECOND TEST OF COAL PROM BETTS’ MINE, BATAN ISLAND — 125 FIRINGS 

DURING 7-HOLTR TEST. 


[Test No. 16, Table II.] 



Steam pressure ; 
gauge. i 

; 

Tem- 
pera- 
ture of 
flue 
gases, 
base of 
stack. 

Average com- 
position of flue 
gases, in per cent. 

Kilos of coal 
burned-— 

Kilos of 
^vater fed to 
boiler— 

Fire 

raked 

or 

slic- 

ed, 

time 

after 

stari- 

nig- 

Clean- 
ed Are, 
time 
after 
start- 
ing. 

Time after ■: 
starting. 

, 

Kilos 
per j 
square 
centi- 
meter. 

1 

Pounds 

per 

square 

inch. 

C0.2 

O 2 

CO 

Dur- 

ing 

pe- 

riod. 

Total. 

Dur. 
ing 
pe- 
riod . 

Total. 


■ 











A.m 

h. m. 

Beginning— 

7. 382 

105 

430 

' 








— 


0 00 



112 







So 

85 

325 

325 




6. 9t)l 

99 







85 

170 

325 

650 





100 

480 






85 

255 

325 

975 




7. 031 

100 

460 


'10.9 

6.9 

0.0 


85 

340 

325 

1,300 




7. 172 

102 

450 






85 

425 

325 

1, 625 




6. 539 

93 

440 






85 

510 

335 

1, 950 




6, 009 

94 







50 

560 

225' 

2,175 


1 45 


7.031 

100 

440 






.100 

660 

300 

2, 475 




7. 593 

108 

420 






' 85 

745 

325 

2, 800 



; 51 bnnrs 

7.172 

102 

430 






So 

830 

325 

3, 125 



hraiTS 1 

7.172 

102 

425 ' 






85 

915 

325 

3,450 



S hours i 

7.382 

105 

450 







1,000 

325 

3, 775 

' 2 51 


' 3^ hours , — ! 

7.453 

100 

430 






<S5 

1,085 

325 

4,100 

3 07 


! 3.i hours ..j 

7. OCU 

109 

440 


• 10. G 

7.4 

0.6 


a5 

1, 170 

325 

4, 425 



1 3| hours — ‘ 

7.593 

lOS 

445 ; 



1 1 


85 

1,255 

325 

4, 750 

3 34 


j 4 hf'‘’'irs 1 

‘ 7. SOI 

111 j 

440 




1 



1,340 

325 

5, 075 



j 4:1 hours 1 

; 7.523 

1 107 

400 




j 


85 

1, 425 

325 

5, 400 



4 u hours 

[ 7, 242 ! 

i 103 

365 






85 

3,. 510 

325 

5, 725 



! 4| hours 

7,604 

1 ' 109 

430 




i 


85 

1,595 

325 

6, 050 : 



j 5 hours ' 

7.734 ; 

1 

I 110 

405, 




1 i 


^ 85 

3,680 

325 

6,375 

5 00 


; hours — 

I 7.523 

1 

i 10" 

435 

1 


! 


' 85 

1,76.5 

325 

6,700 

5 14 



1 7.453 

100 

430 




j 


85 

3,850 

! 325 

7,025 



1 hours 

j 5| hours 

7, 945 

113 

435 




i ■ 


85 

3,935 

I 325 

7, 350 



! 6 hours 

7.453 

100 

450 


•11.0 

7.4 

i 0.0 


85 

i 2,020 

325 

7,675 

6 00 


hours 

7. 604 

109 

430 




1 


85 

2, 105 

, 325 

8, 000 



6^- hours 

7.382 

. 105 

480 






85 

2,1,90 

325 

8,325 

6 23 


6| hours 

7.523 

107 

490 






85 

2, 275 

325 

8, 650 

6 34 


7 hours 

6. 890 

98 

505 



i 



. 38.4 

2,313.4 

112 

8,762 


7 00 

Total 

233. 8S2 

3, 042 

|l2,760 



i 


2, 313.4 


8,762 




Average 

7.375 

104. 9 

440 





82. 6 


313 
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Table JV. — Ohscrvations in detail of the Icsis of c-ortZ.s'— ContimiecL 

Q.—FIRST TEST OF COAE PROM THE COMANSI MINE, NEAR DANAO, CEBU— 

61 FIRINGS DURING o^-HOUR TEST, 


[Test No. 17, Table 11. ] 


i 

1 

i 

1 

1 

j Time after 
j starting. 

! 

Steam pressure 
j gauge. 

Tem- 

pera-^ 

Average com- ' 
position of flue 
gases, in per cent. 

Kilos of coal 
burned— 

i Kilos of 
! u'ater fed to 
i boiler — 

Fire ' 

' « r- 

ed : : 

after; "“J/- ! 

st-irt-; ' 

ing, ! ; 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

; flue 
gases, 
base of 
stack. 

CO 2 

0 . 

! i 
! ! 
! 1 

j 1 

1 1 

Dur- 

ing 

pe- 

riod. 

i 

' Total. 

i 

! Dur- 
ing 
pe- 
riod. 

Total 

j 






I 

i 





' h.7Jl. [ IhiU. ! 

i Beginning-,, 

6. 961 

99 

325 




57 




1 0 00 i 

! -} hour 

7. 593 

lOS 

385 1 




57 


290 

290 

’ ! i 

1 -h hour 

8. 015 

114 

400 i 



1 

57 

114 

290 

580 

; 1 1 

i f hour 

7. 45S 

106 

3S5 1 



i 

57 

171 

290 

S70 

L-, ' 

i I hour 

7. 312 

104 

400 ! 

• 9.0 

6. 5 

1 

2.0 ; 

57 

228 

290 

1,160 

1 

j li hours 

7. 593 

108 

495 1 




57 

285 

290 

1, 450 

i ! 

1 1^ hours 

7. 242 

103 

430 




57 

312 

290 

1,740 

i ; 

, If hours 

7. 523 

107 

390 



j 

57 

399 

290 

030 

1 ; 

; 2 hours i 

7. 312 

104 

385 





4,56 

‘’90 

9 390 


1 2f hours 1 

7.804 

111 

400 




f 57 

513 

290 

2, 610 

: ^ : 

1 2,^ hours i 

7.604 1 

109 

455 



1 

57 

570. 

290 

2,900 

i... ; I 

^ 2| hours 1 

7,593 : 

108 

375 ! 



1 

57 

627 

290 

3, 190 

' ! 1 

3 hours, 

7.453 1 

lOG 

390 j 

1A A 

'T ft 

A .1 i . 

57 

684 1 

290 '3,4S0 


j 3i hours I 

7.172 i 

102 ! 

330 { 

• lU* U 


U. 4: ! • 

;.)7 

741 1 

290 ! 

•5, 770 

i ' 

1 S^iours 1 

S.0S6 

115 1 

390 j 



j 

hi 

798 j 

290 14,000 


1 31 hours 

S.015 i 

114 ' 

450 : 


i 

1 

hi ; 

.855 1 

290 4,350 


4 hours 1 

7.382 i 

105 ' 

380 


j 


57 1 

912 i 

290 ! 

,040 ! 


^ 4| hours ' 

7.804 i 

111 1 

300 !■ 


i 


" 57 

909 1 

290 4.930 i 

1 

j I 

1 4-; hours 

1 

7.453 J 

100 ' 

370 ! 

j 

1 


j 



*’90 1' 

ooq 1 

j 

; 41- hours 

7.453 

iOO 1 

375 j 

1 

5.4 ■ 

1 

0 A ' { 

hi ' 

3 , 026 1 
1,083 ! 

290 jf 

>,510 : 

! ‘ 

' 5 hours 

7,064 ; 

109 1 

850 

' 10. 2 

J. 0 - 

57 i 

1,110 I 

290 

>.800 ’ 

1 I 

’ of hours 

7.453 ; 

106 j 

i>ti) ; 


1 

1 

( 

Oi i 

1,197 1 

290 16.090 i 


of hours i 

7.593 1 

108 1 

375 1 . 

, 


i 

. 30.4! 

1 , 227 . 4 ! 

1 16. 0,t 

,230.0^ 

( 

i 5 30 i 

1 Total 173. rm \ 

2,409 1 

8,970 1- 

1 



227. 41, 

6 

! 

i 1 

i Average ' 

7.547 i 

107. s; 

390 L 



f55. . 


283. 4. 


! i 




' 

1 





i 

; 1 
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Table IY . — Ohservations in detail of the tests of coals — Continued. 

R.— SECOND TEST OP COAL PROM THE COMANSI MINE, NEAR DANAO, CEBU— 
68 FIRINGS DURING TJ-HOUR TEST, 


[Test No. IS, Table II.] 



Steam pressure 
gauge. 

Tem- 

X»era-_ 

Average com- 
position of flue 
gases, in per cent. 

Kilo.s of coal 
burned — 

Kilos of 
water fed to 
boiler— 

Fire 

raked 

or 

slic- 

ed, 

time 

after 

start- 

ing. 

1 

1 

Clean- 
ed Are J 

Time after 
starting. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

flue 
gases, 
base of 
stack. 

COo 

o.> 

CO 

Dur- 

ing 

pe- 

riod. 

Total. 

Dur- 
ing 
pe- 
ri od. 

Total. 

time j 
after 1 
start- 
ing. 





1 






/t. hi. 

1 

h, m. j 

Beginning- _ 
i hour 

7. 523 

107 

325 


i 









0 00 1 

7.875 

112 

355 





60 

60 

2G0 

260 


1 hour 

8. 086 

115 

345 


i 

i 

60 

120 

260 

520 



1 hour _ 

7. 945 

113 

330 


1 

1 



55 

175 

260 

780 



1 hour 

7. 453 

106 

330 


I 

I 



55 

230 

260 

1,040 



1:^ hours 

7. 875 

112 

360 i 




55 

285 

260 

1, 300 

— 


11 hours 

7.593 

108 

360 i 




55 

340 

260 

1, 560 

1 ^1 

' I 

1-^ hours 

S.015 

114 

330 i 



C) 


55 

395 

260 

1, 820 



2 hours 

7.734 

110 

355 





52 

447 

260 

2, 080 



2^ hours 

7. 453 

106 

330 






52 

499 

260 

2, 340 



21- hours 

8. 015 

114 

315 






52 

551 

260 

2, 600 



hours 

7. 593 

108 

325 






52 

003 

260 

2, 860 



; 3 hours 

7. 593 

lOS 

330 






52 

655 

260 

3, 120 
3, 380 



; 31 hours i 

'7. 382 

105 

315 






52 

707 

200 



; 31 hours 

7. 945 

113 

330 j 


i 


52 

759 

260 

3,640 



1 3^ hours ' 

7. 453 

106 

330 


i 

i 


52 

811 

260 

3,900 



4 hours i 

[ 7. 875 

1 

495 I 





52 

863 

! 260 

4, 160 


j 

1 41 hours 

7.945 

■ 113 1 

415 1 





52 

915 1 

260 

1 4,420 



1 41 hours 

7 . 875 

112 

325 






52 

967 

2<10 

; 4,680 



i 4| hours 

: S. 367 

119 

350 






52 

1,019 ^ 

2t»0 

1 4,940 
5,200 
5,460 
5,720 



5 hours 

; 7.945 

1 113 ■ 

320 






52 

1,071 
1,123 1 
1, 175 

260 ; 



51 hours 

: 7. 523 

I 107 i 

315 






52 

260 j 


i 

5| hours — 

7.453 

306 

320 






52 

260 


! 

5| hours 

7.664 

! 109 1 









315 





52 

1 227 

260 

5, 980 



6 hours 

1 7.382 

105 i 

310 






52 

1,279 

260 

6, 240 



61 hours 

7.664 

109 i 

345 ! 





52 

1,331 

I,3S3 

1,435 

260 

6, 500 
6, 760 



61 hours 

7,523 

107 

330 



. 



52 

260 

6 30 


6f hours 

7.664 

109 

350 






52 

260 

7,020 


7 hours 

7,593 1 

108 

365 






52 

1,487 

260 ' 

7, 280 



71 hours 

1 7,382 

105 

365 






52 

! 1,539 

260 

7,540 
7, mk 



7| hours 

7.523 

107 

, 327 






^ 27 

1,566 

131^ 1 


7 80 

Total 

238,911 1 

8,398 ' 

10,612 




1.566 


7,671i 

255.7 




Averse 

7.706 

109. 6 

342 





52. 2 






1 ' 1 







i 




High, 
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DISCUSSION. 

The data sustain the conclusions tliat the value of a coal for producing 
steam in an ordinary boiler is determined not only by its fuel ratio and 
by the total number of heat units set free during its complete combus- 
tion^ but it is also dependent largely upon other and variable factors, 

Impiiniies in the coal . — The purity of the coal — that is, the admixture 
of eartliy matter, moisture and other foreign material whieii it contains — 
is an important consideration. If tlie percentage of ash and vnter is 
small the theoretical heat valne of the coal is proportionally increased 
and from a eoiiiniercial standpoint the original cost of freight and han- 
dling per thermal unit and the expense of removing the ash as '^veli is 
correspondingly decreased. These items represent a direct saving. More- 
over, with coals high in nioistnre the efficiency is lowered directly by 
the specific heat of the water. 

The color of the ash indicates the iron cob tent and is also usually 
taken as an indication as to whether or not the coal will clinker. How- 
ever, iron is but one constituent and other factors enter in Just as they 
influence the fusion point of clay or cement. As comparatively few 
coals burn -without forming clinker, it is interesting to note that in many 
of the tests of Philippine coal, in paxticnlar the tests of the coal from 
the military reservation, Batan Island, where the percentage of ash is 
high and it is brick-red, very little clinker w’as produced. It is probable 
that the ash bed in this non-coking, highly volatile coal is not heated 
sufficiently high to form clinker. The distillation of volatile matter is 
endothermic and therefore the explanation of fne lack of clinker is 
probably partly to be fo-und in the fact that the distillatibii of this large 
percentage of volatile matter keeps the temperature of the fuel bed low. 
Puifherniore, in a non-coking coal the lumps are thoroughly disintegrated 
with the expulsion of the volatile matter and the ash kepot cool by the 
air and gases passing through and around its particles. If the same 
ash were in a coking coal it wnuld be held in the lump and probably be 
heated hot enough on the grate and in ^ the fuel bed to melt it and produce 
clinker. 

It is believed that a reasonable amount of ash has little influence on 
efficiency other than the amount of combustible carried' away, except 
-where it interferes mechanically. If a coal clinkers and tends to close 
the air spaces it greatly increases the labor in connection xvith its con- 
sumption and entails a loss of' heat through the furnace doors through 
frequent opening to work the fires. On the other hand, although clinker 

' At J.: The oecurreiice, compasition' and ' radioactivity of the clays from 

Lu2ob, P.' I., TlmJoimiulf Beo, A, (TOOI), 2 , 427., ' 



342 


cox. 


mav hinder combustion, it prevents fine coal from falling through the 
grate and in this vay may partially compensate for its inconvenience. 
The finer and dirtier coal from Batan Island after correcting for loss 
of fine coal (i. e., calenlated to coal actnally Imrned), and the dili'erciico 
in ash content, g’ave soinevliat lower efficiencies than the larger and care- 
fullv selected sizes. Tlie only apparent difference in the behavior and 
quality of the various sizes is that the fine coal, high in asli, tends slightly 
to smother the fire and steam can not be produced at as great a rate as 
with the larger sizes. An inspection of Table II shows that the first test 
of the coal from the military reservation with the highest percentage of ash 
has a less evaporation per unit of combustible actually consumed than the 
second and third, which contain less a.sh, and still less than the fourth 
and fifth which contain still less ash. The variation, however, is not 
believed to be due to the ash, but is largely accounted for far more easily 


by a consideration of the fuel ratio. 


fixed carbon 

0 ? 

volatile combustible matter 


tbe greater ratio giving the greater efficiency; although that very high 
ash may reduce the drafts cause a slov^er rate of combustion and there- 
fore less complete coinluistion in the furnace chamber and the rang'e of 
the water tubes is not without reason. 


Fire box and grate , — This Bureau has what is ordinarily considered to 
be a good boiler plant. However, it has a short iire box and only the 
usual vertical baffling and this is not sufficient to enable it to be run with- 
out some black smoke and loss. It is a recognized fact that the loss of 
heat clue to the actual carbon in the escaping gases is small^ perhaps never 
more tlian 1 per cent, but smoke is a strong indication of the presence 
of eomimstible gases the loss of which may amount to several per cent 
and materially impair the efficiency. 

A short fire box is not at all suited successfully to burn Philippine 
coal. I liave often urged the necessity of a setting with an elongated 
fire box and combustion chamber for burning this class of coal. The 
combustion space must be long and large enough for tlie comimstible 
gases and air to mix thoinuglily and to produce complete combustion. 
The United States Geological Survey has expressed the same opinio.a 
and furtlier lays special emphasis on the necessity of an additional 
baffle walld^ Such a wall would undoubtedly cause more perfect mixing 
and therefore more perfect combustion^ which is the desired end. It 
is probable that eddies such as one seeks to attain in a reveiheratory 
furnace, caused' by any obstacle in the path of the '.gases^ greatly' aid the 
mixing. ^Any scheme which works in the direction of retarding the 


Journal '{ 1906 877'; Bee, A. (1907), 2^ 4X. 
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PHILIPPINE COALS AS FUEL. 


343 


exit of the gases of the flame stream mtii eoinbiistioii of the volatile 
coiiihiisti])le matter is completed in the comhustioii chamber, contains 
the possibility of greatly increasing the efficiency of Philippine coals. 
Satisfactory ])aflle walls would probably be of as mneli value as a con- 
siderable increase in the length of the fire box. A boiler with the same 
setting as those of this Bureau^ hiit arranged with clitierent baffling 
forming a tile-roof furnace^ has been used on Illinois coals and is said 
to run at capacities of from 50 to 100 per cent without smohe.^^ 

Various grates other than the ordinary bar have been suggested and 
tried on coals of the snh-bituminons variety. It was hoped that the ])er- 
forated grate would be more economical of coal. However^ in the tests 
of Mr. Betts'’ coal there was a slight incipient clinlter which could not 
be dislodged from the holes and the steam pressure fell at the end of 
the test because of lack of draft. It was not possible to experiment 
much with this coal beforehand and but little information regarding it 
could be obtained. The grate worked well with Australian coal. With 
more experience and slight modifications this maj'’ still be more satis- 
factory than the ordinary grates. Mr. Betts has tried a herring-bone 
grate which he reports to be very successful. The advantage of a grate 
of this type over the ordinary gridiron is that shorter^ thinner and more 
bars may be used without clanger of their melting down and in this way 
the air spaces increased in number^ but diminished in size without 
changing the ratio between air space and grate surface. It has also 
been suggested that the loss of combustible matter in the ash could be 
prevented by burning these coals on a rocking grate. It is hoped that 
the study of the behavior of Philippine coal and coals of this class will 
soon result in the discover}’ of a more satisfactory grate and a method 
of combustion that will be more economical of the coal. 

Eeeonstruetion of the present boiler settings in the Archipelago is 
out of the c|uestion. Greater efficiency, therefore, can be obtained only 
by building additional baffle walls., using a more satisfactory grate,, 
elongating the fire box or heating the air before entering the grate, and 
these' improvements from an economic standpoint can best be tided 
ill the order of enumeration. 

Breekenrklge, L. P.: Unn\ of III. Bull. (190G), 4, No. 3E 22. M. Ernest 
Selimidt, BuU. soc. ind. d^Amiens, 2—3, 102,5 O, A. (lOOS), 2, 174, Ims called 
attention to the, fact that it is diflcnltdo destroy smoke' after it is once formed, 
but believes in preventing its formation by ■ gradual introduction of coal into 
the fire box, if possible under ' the' bunting combustible, and fiimlly, , by the use 
of a masS' of fire hrick kept ,at , a ■ high temperature. He also considers the 
heating of the air before' entering the ■ grate ^ neces^sary. In thO' combustion of 
Philippine coal '.where high' chimney' temperatures are obtained this might be 
aceompliahed by a .down-draft pipe through the'„staek. 
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Fig. 2. — Ideal Section Showi-ng Additional Baffle Wall and an Elongated 

PiBE Box. 


In tlie plant of this Bureau, Australian coal burns to a large extent 
on the grate, while most of the Philippine non-coking coals containing 
high volatile matter are at a disadvantage, as they bum to a very much 
greater extent in the combustion chamber. An inspection of the fore- 
going tests of the coals from Anstralia (Westwaldsend), Bataii Island 
(Military Eeservation and Betts^), and Oebii (Coniansi) will* show that 
our boiler-plant is unfavorable to Philippine coal. This may the inoi’e 
readily be seen from the follo'^ung table: 

Table V. 


Source., 

Calorific 
value of 
the com- 
bustiblo in 
calories 
as deter- 
mined in a 
Berthelot" 
Mahler 
bomb calo- 
rimeter. 

Equivalent 
evapora- 
tion of 
water from 
and at 
100'^ C. per 
kilo of 
combus- 
tible 
actually 
consumed. 

Equivalent 
evaporation of 
water from 
and at lOO'Ul. 
per kilo of 
combustible 
actually con- 
sumed, anti- 
cipated from 
the calorific 
value when 
Australian 
coal is taken 
as the base of 
comparison. 

AustraHaD: (Westwaldsend);' average of tests l, % and ' 




3, - ^ .X 

7,791 

8,688 

8,688 

^ Baton island; ' , 

Military reservation;, average of tests 10, 11, 12, IS,. ' 




and 14, Table II , . , 

7,166' 

6^297 

, ,6,773 

' ’ 6,698 

8,000 

7,020 

Betto; of tests 15 and '16, 'Table II.-.-,. 

Cebn (Coinansi); average of tests 17 and 18, Table. II— 

7,207 

,',7,122 

8,040 

• Fdhito; test l% Table II™ — i... - 

. ,7,3-58' 

— - 

'8,210 
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Coals which burn low and close to the grate give greatest efficiencies; 
those wdiich burn liigli lose much throiigli the grate^ give low initial 
temperature in the fire box, leaving the fuel bed comparatively eool, 
and the result is combustion at the rear of the ehamlier, imperfect heat 
absorption and therefore low efficiency. I think this loss is largely due 
to the type of l)oiler, and one should be constructed for these coals that 
would obviate these losses. I shonkl like to be in a position absolutely 
to name the best class of furnace for each coal, but not enough tests 
have been carried on to enable me to do so; however, considerable 
information as to the best form of furnace has been given. 

Loss through the grate . — A portion of the combustible matter of the 
coal falls thimugh the grate into the ash pit and is not burned. For a 
definite coal this varies with the grate and for a certain grate it varies 
with the coal. It is a most difficult task, not yet accomplished, to con- 
struct a grate that is suitable under any and all conditions of operation. 
Owing to my inability to have a grate suitable for each coal this 
discrepancy is ■niiieh larger in some cases than in others, and therefore 
I have given, in addition to the usual data, recalculated results to show 
the values when this factor is eliminated, i.e., as if this amount of coal 
had never been fi.red. 

Draft, cliimney gases and loss through the stach. — Draft, measured by 
the reduction of pressure as compared with that of the atmosphere, 
whicdi depends on the relation of boiler, furnace, grate and stack, largely 
controls the air which enters and the value of the fuel is influenced by 
it to a marked extent. However, in a boiler plant in the tropics much 
depends on the direction of the wind, since in most eases the boiler is 
not protected at the sides. Too much air is better than too little; on 
the other hand, an excessive amount dilutes the gases, lowers their 
temperature and increases the w’-aste to the stack by an amount equal to 
the specific heat of the moisture from the excess of air and the heat 
carried away by the additional quantity of dij cliimney gases. The 
loss up the chimney decreases and the efficiency rises with a reduction in 
the supply of air until a point is reached at which the loss due to 
slightly incomplete combustion is Just equal to thO; gain obtained by 
decreased loss to the ataek. Beyond this point the decrease in efficiency 
is very 'rapid. Tt has been my 'aim' 'to regulate the air supply as imicli 
as possible, without reducing 'the completeness of combustion, and in that 
way I endeavored to control the quantify of gases leaving the system 'and 
therefore the, waste heat.. 'Without experience ■ with a given coal' it is 
not always possible accurately 40 supply, tbe proper amount of air for 
its ideal combustion., It may; be noticed from an'. examination of the 
'festS',Ihat a' certain am,ounb of carbon monoxide' was obseiwed' in the 
mhimney gases. This, 'amount was greatest nn those' from,, the' coal from 
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the Coiiiatisi mine at Danao. Cebu (test IT) M'here there was an abnormal 
waste to the stack and the efficiency recorded is therefore probably 

somewhat low. 

It lias lieeii shown that any considerable percentage of carbon mon- 
oxide is threatening to etficiency. Owing to the infiltration of an 
unknown qiiantit}^ of air no exact limit could be set to tliis^ but since the 
presence of carbon monoxide may also be taken as an indication of other 
incomplete combustion losses, high carbon monoxide is a prominent 
danger signal. It has also been shown that the furnace efficiency drops 
very rapidly after the carbon dioxide content in the flue gases has 
reached about 9 per cent or perhaps 12 per cent if the gas lias not been 
diluted by leaks. From a knowledge of the law of mass action one 
would expectj where the oxygen content is low and the carbon dioxide 
highj that some carbon would only be partially oxidized, that is^ the 
presence of some carbon monoxide would be probable; howeveiy an equi- 
librium may not always be attained in the combustion cliamber. As the 
fl-tie gases passed the sampler in the seventeenth test the oxygen content 
was higher and carbon dioxide lower than in the tenth where combustion 
was complete. Such a condition as that in the seventeenth^ where the gas 
analyses represent the average of a period, might be produced by careless 
stoking so spasmodic that at times the percentage of oxygen would be 
small, with incomplete combustion, and at other times so large, that the 
average oxygen content would he increased. However, I do not believe 
that this is the case in this series. An explanation wdiich suggests itself 
is that each indiwdual coal, at any given temperature, may require a 
certain excess of oxygen, varying with the complexity of the hydrocarbon 
compounds, to effect complete decomposition of the coal gases. If the 
latter pass the high temperature of the furnace undeconiposed, then the 
small supply of oxygen is not sufficient to effect combustion l)efore they 
escape from the combustion chamber. 

Furthermore, owing to the coolness of the fuel bed and combustion 
chamber wdien highly ^'olatile coals are burned, combustion takes ])lace 
slowly and it is not surprising that the carbon monoxide and other 
combustible gases are swept on and cooled below their ignition tempera- 
tures before combiistion is complete. 

The corrected ignition temperatures of various molecular relations of hydrogen 
and carbon monoxide, with oxygen are the following:^® 


4H,+03.= 605'> 

600+03=721° 

2H,+0.=540'’ 

400+03=628'’ 

H.+0s=514° 

200+03=601° 

H,+ 202=330° 
H2+40j=571° . 

'00+03=631° 

“Vi i. o. S. BuU. nmr), 

"/bid. 51. 

325*66./ 

«K. ,G- Pftlk, Ann. i. Pht/s. 
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The introduction of an inert gas such as the nitrogen content of the comhiiS' 
tion chamber, greatly raises the ignition temperature and for the bimoleciilar 
reaction between hydrogen and oxygen it is increased according to the equation 


where 


T=r+30 n 

volume of the nitrogen (ISTa) 
volume of the hydrogen (H^j or the oxygen (0^ 


whichever is present in the smallest quantity. For the trinioleciilar reaction 
between carbon monoxide and oxygen the ignition temperature is increased 
according to the equation T=T'~1-S0 n' where 


volume of the nitrogen (X.) 
volume of the carbon monoxide (GO). 


The temperature coefficient of the reaction velocities for an increase of 10^ 
is 1.31 between the limits 514° and 550° for a mixture of hydrogen and oxygen; 
and 1.24 between the limits G01° and 645° for a mixture of carbon monoxide and 
oxygen. The introduction of an indifferent gas (nitrogen) reduces the magnitude 
of this coefficient in proportion to the quantity added. 

For a mixture of two volumes of carbon monoxide and one volume of oxygen 
Helier^” gives the following maximtim formation of carbon dioxide, expresed in 
per cent at the given temperature: 


1 

i Degrees 
j centigrade. 

! ' 

Per cent j 
CO. 1 

Degrees 

centigrade. 

i 

Per cent ! 

! COo 1 

1 :i.95 i 

0. 13 

504 ! 

7. 3 i 

1 S02 : 

0.44 

1 566 

! 14. 43 : 

365 1 

1.41 

: 0-5 

; 17. 27 1 

! 40S 

3.03 

: 600 j 

21.14 1 

i 418 

3.41 

1 689 

43.36 ' 

; 468 

4.64 

! 788 ! 

60. 3 

500 

6.2 

1 855 : 

65.0 


The formation of carbon dioxide from the carbon compounds in coal or even 
by burning carbon monoxide itself is no simple one. Tlie dissociation of carbon 
dioxide into carbon monoxide and oxygen and the part that water plays in the 
reaction must all be considered. A perfectly dry mixture of carbon monoxide 
and oxygen can neither be exploded by means of a red glowing platinum spiral 
nor an induction spark.-" The particles of water themselves play an important 
part in the reaction. Even at ordinary temperatures there is a small amount 
of free hydrogen and free oxygen in water vapor. The equilibrium at 10° 
contains one volume of free hydrogen and one-half volume of free oxygen for 
'every 4.55 . 10"^ volumes of water vapor. The higher the temperature the greater 
the amount of uncombined gases in proportion to water vapor. When the 
equilibrium is reached at 100° there is one volume of free hydrogen and one- 
half volume of free oxygen for each 1.14 10^^ volumes of undissodated water 
vapor At very high temperatures free hydrogen and oxygen are present in 
such; 'quantities that they may he, directly determined. These free gases -'are 
chemically very much' more' 'active than the water molecules themselves. The. 

<feGM«."(T'897) '(7), 10, 521; Ohem. €emtrU. (1S97) I/6S, 487, 

_ Dixon, , Oftem., A'W d 1882), 46, 15L 
’ *^Bodlinder': Ahr6»^S'Bmmm,^Ghemr. u. Forfrage {1899), 3, 388*' 
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oxygen unites readily carbon monoxide to form carbon dioxide or the 

hydrogen with oxygen to form water or hydrogen peroxide. If the dissociation 
equilibrium is disturbed in either of these ways, more water molecules dis- 
sociate into hydrogen and oxygen atoms. When a temperature of the furnace 
is readied where this dissociation takes place faster than the dissociation of the 
oxygen molecules of the air, we have an explanation of the catalytic action of 
water in the combustion of coal and why a high combustion chamber tem- 
perature is desirable. 

In tlie coiiibiiBtion of a highly biturainnons coal, the extent of the loss 
due to the carbon monoxide and hydrocarbon gases of the gasified coal 
passing up the stack before combustion is coinj^lete may be seen by an 
examination of the following table: 


Element. 

Product of combustion. 

Heat of 
combustion 
in calories.-^ 

; r,*i,rhAn . _ 

O^rboin monfjxido 

2, 435 

Ha 

Oj^rbAA dioxide 

S,W0 

TTyarngftn 

■Wflim* - 

34, 180 




It will be observed that each unit of carbon burned only to carbon 
monoxide 'will result in a loss of 5,715 calories (over Iialf) and each 
unit of hydrogen unburned will result in a loss of 34,180 calories. In 
these experiments this loss has been regulated as well as possible with 
the dampers and air supply at my disposition, but a diffei'ence in 
construction of tlie boiler plant would seem advisable for some of tlie 
varieties of coal. Approximately perfect combustion can be obtained 
by proper boiler and furnace design, construction and operation. 

An extremely rapid rate of evaporation, a low chimney temperature 
and completeness of combustion are incojiipatible. Messrs. Brecken- 
ridge, PaiT and Dirks found that the maximum rate of evaporation 
was obtained with the boiler running at its rated capacity, with the 
flue-gas temperature at about 260^ 0. With an iiictrease in the rate of 
combustion the fiue-gas temperature iiiexeased and the evaporation 
dropped off. Most of the Philippine coals easily gave a rate of evapora- 
tion equal to that obtained with Australian coal on an ordinary run. 

Absorption.— Kighlj bituminous coals are likely to cause a deposit 
of soot which reduces the efBciency of the heating surface. Boilers 
must be thoroughly cleaned before beginning tests. The necessity for 
this precaution is evident in that if the drum and tubes are msulated 
from the hot gases on the one side hy a layer of soot and from the w^ater 
on the other by a layer of scale/ the absorption will be imperfect and the 
greater this insulation the more resistance to abeorption and the greater 

• "“Calculated from the numbers of J. Tliomseu: 'rhermo-cheiuische Ilntersuch- 
2f 52, 2Sa and 288* * 

of III Bull. (1906), 3-, 
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the loss to the stack by the gases escaping at toO' high a teiiiperatnre as 
compared with that of the steam in the boiler. 

Breckenriclge et from results of boiler trials made to determine 
the effect of soot deposits on the evaporation in a horizontal tubular 
boiler conclude that it is not very marked. They found that the soot 
burned upon reaching a certain thickness, leaving Imt a very thin layer. 
Even with frequent and perfect sweeping of the tubes, no boiler cools 
the furnace gases to the temperature of the steam, but a certain amount 
of this heat waste may be recovered and the efficiency somewhat raised 
by the use of an economizer in the stack. 

The effect of scale on the transmission of beat tlrrougli boiler tubes is 
very variable, the mechanical structure of the scale being at least as 
important a factor as the mere thickness. Schmidt and Snodgrass’^ 
have investigated thivS effect on locomotive -boiler tubes and feel warranted 
in summing up the results of their tests in the following conclusions : 

“1. Considering scale of ordinary thickness, say of thicknesses varying up 
to one-eighth inch, the loss in heat transmission due to scale may vary in 
individual cases from insigniheant amounts to as miieli as 10 or 12 per cent, 

‘‘2. The loss increases somewhat with the thickness of the scale. 

“3. The mechanical structure of the scale is of as much or more importance 
than the thickness in producing this loss. 

‘‘4. Chemical composition, except in so far as it affects the structure of the 
scale, has no direct influence on its heat transmitting qualities.^’ 

Boiler pressure. — The true boiler efficiency is the ratio of the heat 
absorbed to the heat which is available^ to the boiler; that is, that 
poiffion of the heat in the furnace gases which is above the temperature 
of the steam. Erom this it is evident that the higher the working 
pressure — that is, the higher the steam temperature — the less differeiieo 
between a fi.xed temperature of the furnace gas and that of the steam 
and therefore the less heat available to the boiler. In order to obviate 
this difference in efficiency I have tried to maintain approximately the 
same steam pressnre in the various tests. In those cases where there is 
a deviation, the efficiency attained is greater or less than the average 
accordingly as the steam temperature is greater or less. The facts have 
not been established giving the exact value of the effect for all changes 
in steam pressure upon the evaporative efficiency, of a boiler. Goss’^ 
has shown' that ^'changes in steam pressure between the limits 120 pounds 
and 240 pounds will produce an 'eff'Cct upon the efficiency of the 
boiler which will be less, than 0.5 pounds of water per pound of coal.'^' 
The difference is not, large for the small ranges of pressure common hi 
stationary^ practice; and although slightly , more heat is available and 

Lot. eit^ ' 

» Unit, of m. Bull {imi}, 4, 15, 1. , ' 

Hi,g1i''steam' pressure Ju locomotive, service' (1001), 10. Published, 'by 'the 
Caruegie 'Institute , of WasbingtoB. \ ■■ ■,' , h " ' 

^ , , " ' , ,,, , ' ; ' , ; ' , ' 
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absorbed wlien a low steam pressure is iised^, there is a limit below which 
one can not go, for new losses appear which more than compensate 
the gain. 

Radiatio?i.—A portion of the heat value is lost by radiation through 
the fire doors and fmmace walls. By the use of a larger furnace and 
boiler the exothermic loss would be less. More favorable figures than 
mine have been attained by the Manila Electric Light and Eailroad 
Company for Australian coal of the same source and similar composi- 
tion as that of tests Eos. 1 and 2, Table II; however, it must be remem- 
bered that they operate their steam boilers in large units and that my 
figures are thoroughly representative of plants of Todiorsepower rating. 

Other facAors . — There are many other factors wliich enter into con- 
sideration such as the physicial condition "of the coal/' small experimen- 
tal errors in its use, personal variables, air leaks which dilute and cool 
the gases before absorption takes place, relative load carried, moisture 
from the air and the water of combustion which must be expelled through 
the stack as superheated steam, etc. Perhaps the greatest of these 
variables are the fireman and the moisture of the air. 


As a rule^ the fireman is a cheap laborer secured more for his muscle than 
his brains, is indifferent to his work and does it in the way that requires the 
least energy and initiative on his part. A fireman must be intelligent or have 
constant intelligent supervision to obtain good results. In hand firing, instead 
of carefully spreading the coal or coking it and then working it back gradually, 
a stoker will often spread over the fire a tremendous amount of green coal. 
In this way the flames are smotfiered, - the instantaneous evolution of combustible 
gases is out of all proportion to the supph^ of air, they are cooled perhaps below 
their ignition temperature and thus a large quantity leaves the system unburned. . 
A deep fuel bed is called for in a producer-gas plant, but in steam boiler practice 
where a complete combustion is desired so that all of the carbon of the fuel 
will be converted into carbon dioxide a thin fuel bed is needed. When it is 
noticed that the steam pressure does not respond to the new supply of coal, 
the fireman with a slice bar or hoe will stir up the new fuel together with 
that already on the grate, the result being still further loss of coal. Greatly 
/increased evaporation and saving of coal will be obtained by prohibiting these 
practices. The tendency of most stokers is toward a too frequent use of the 
bai\ If Philippine coal is properly stoked it is not necessary to poke the fire 
at all, I have made a test of seven hours on this coal without- once putting a 
bar in the fire box. 


The great difference in the moisture going into a fiumaee day by day, 
largely due to the variation of the daily , humidity as well as that between 
the dry months and the rainy/ season, had often been noted; but it was 
left for Mr. (xayky^® to obtain definite data and show the considerable 


^ There is a marked tendency of the coal from certain parts of the Philip- 
pines to fall to pieces. Cafe must be exercised to prevent the production of a 
large amount of slack in handling for it reduces the value for steaming 


^Jron Oind Rteel Inst. (1904), October. 
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economy in the working of blast furnaces by reducing the moisture in 
the air blast to a low and practically constant amount. It is stated 
as demonstrating this economy that prior to drying the air, tliroiiglioufc 
a period of eleven days the daily production of iron in the blast furnace 
was 358 tons with an average consumption of 2;,14‘7 pounds of coke per 
ton of iron^ while for a period of sixteen days when the dry-air blast 
was used the daily production of iron was 44:7 tons with an average 
consumption of 1//26 pounds of coke per ton of iron. This shows a 
credit balance of 20 per cent greater output of iron and 20 per cent 
reduction in fuel consumed per unit of pig iron and output. However, 
there are other considerations. Unquestionably the greater output was 
largely caused by the more perfect maintenance of the regularity of the 
furnace owing to the practically constant amount of water in the blast. 
The gases in the former case were composed of 22.3 per cent of carbon 
monoxide and 13 per cent of carbon dioxide escaj)mg at a temperature 
of 538® and in the latter of 19.9 per cent of carbon monoxide and 16 
per cent of carbon dioxide escaping at a temperature of 376®, so that 
the economy of fuel is partly traceable to more perfect coiiibiistion and 
less loss through the escape of the gases. However, the fact remains 
that the saving through the use of dry air and the loss due to the specific 
heat of the moisture in the use of ordinary air is a great one, and this 
applies alike to all combustion furnaces. 

The moisture of the air is a large factor in the tropics, where the 
atmosphere is of almost unvarying temperature, the thermometer normally 
standing at 30®, and the humidity is high, the air often being almost 
completely saturated. The average weight of the water entering the 
furnace in the above tests was about 5 per cent of the water evaporated 
in the boiler. 

Even when all of these factors are taken into consideration there are 
sometimes abnormalities in the evaporative efficiency of a boiler which 
it is hard to explain. Some boilers owing to individual superiority, 
due to 'rapidity of water circulation, the use of water that does not 'foam, 
etc., are more efficient than others; some furnaces burn all of the 'volatile 
matter of a 'coal while others waste it and even the same furnace behaves 
differently with different coals. 

' Theoretically, the volatile matter should he expelled from a coal on the 
grate' and ' the fixed carbon simultaneously burned, thereby keeping the 
fuel 'bed intensely hot. The ' combustion of the volatile combustible 
matter should be completed 'in the combustion chamber. Coals high' in 
fixed carbon bum, with af short, hot, smokeless ffiame and combustion is 
mearly completed a 'short .distance:, above, tlie fuel bed, ,hut with higHy 
volatil'e noa'ls ',the 'combustion ' is '''incomplete' even at;,the -rear of the 
eombustioii chamber- ' ' "''' > 
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I have already sliowir^ that when Philippine coal is rapidly heated 
in idle oavliiiary laboratory analysis according to the directions reconi- 
inended by the eoiiimittee appointed by the American Chemical Society 
there is a very large mechanical loss amply indicated by the shower 
of incandescent carbon particles which are driven off during the first 
one or two minutes heating. Without the most carefnl stoking in the 
furnace there is probably the same rapid expulsion of the volatile matter 
as in the laboratory method^ with a corresponding quantity of tine 
particles carried mechanically in the gas stream and to a greater or less 
extent deposited or burned out of the range of the absorption tiibes. 
I have also shown^^ that the presence of water serves to danipen down 
and hold together the solid particles of a coal, thereby preventing 
ineehanical loss. This is probably where tlie advantage, if any, comes 
when an engineer wets a highly volatile coal. 

It has been shown^^ that fuels classified according to the increasing 
percentage of volatile combustible in their total combustible matter, 
when burned under a Heine boiler decrease somewhat in efficiency. 
While this conclusion holds when the number of samples averaged is 
sufficiently large, one must avoid too wide an application of the general- 
ization. Often there are physical features and special reasons for choos- 
ing one coal ])efore another when theoretically it is not so good. In 
coking and non-coking coals and in those entirely different physically, for 
example, slack and briquettes, elinkering and non-clinkering, there are 
factors which have many times more weight and such a generalization 
hardly could be applied to these, while such a comparison is perfectly 
legitimate and helpful to coals of the same class and physical condition. 

It is hoped that as soon as the public realize the availability of reliable 
information regarding coal, both concerning its composition and steam- 
ing value, these means of determining its value may be more often 
resorted to and that guesswork may be eliminated from the purchase of 
a coal. 

SUiOlAKY. 

The object of this investigation was to determine the steam-making 
value of the coals of the Philippine Islands as compared with the foi’eign 
coals offered on the market in this Archipelago. 

All the tests which are described in full were made at the Bureau of 
Science with a 75-horsepower water-tube Babcock ^ Wilcox steel boiler 
over a hand-fired furnace. An average of lll|,per cent of the rated 
^.capacity and; m averageysteam pressure of^ 7.4 kilograms per square 

y A- This Journal, Bm, A ’(1907), 2^43. 

■ Am. Okem. Sqo. ilSm), 21, 1116. 

^Qox,A. J.: Loc. eit.^9.''/- \ „ y ' "■ 
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centimeter (105 pounds per square incli) Tras maintained. The average 
length of the tests was about seven hours. The plant, the apparatus used 
and all conditions were preserved as nearly constant as possible. It was 
my purpose to burn each coal with the maximum economy in this tt^e 
of furnace. For a Philippine coal a regular and imiforni method of 
firing is essential. It was found that the best method of firing was in 
small quantities every four or five minutes. A thin fuel bed is also 
needed and it must not be frequently worked. An entire test of seven 
hours duration was made without once disturbing the fire. 

Inert matter in a coal is detrimental to its value in that the total 
number of heat units is proportionally decreased. Moisture further 
reduces the efficiency directly by the specific heat of the water, but the 
content of ash ordinarily found in Philippine coal has very little if any 
further effect. It seldom produces clinker and for this reason the 
presence of sulplinr is no detriment. Moreover the percentage of sulphur 
in Philippine coal is usually extremely small. 

A short fire box, the usual vertical baffling and an ordinary l3ar grate 
are not suited successfully to burn Philippine coal. An average of 9| 
per cent less of the theoretical heat units were absorbed by the boiler 
when Philippine coal was consumed in the plant of this Bureau than 
with the Australian coal ordinarily used and for which the plant was 
selected and installed. The efficiencies recorded in Table II include 
those of the boiler, fire box and grate. 

There is very little '^'ariation in the steam pressure and the amount of 
water evaporated per hour. When a boiler with a satisfactory rate of 
water circulation, absorbing surface, etc., has been used the deviation 
from the maximum efficiency of a plant depends largely on the adapt- 
ability of the furnace grate and stack. The economy is greatest with 
those coals which have a high fuel ratio, burn completely and give 
a high combustion chamber temperature. With satisfactory absorption 
the greater the difference between the temperature of the combustion 
chamber, gases and the boiler, the greater the efficiency and the less the 
loss to the stack. When Philippine coals are burned in an ordinary 
furnace they are at a disadvantage as they tend to burn out of the range 
of the boiler tubes with the result that there is low evaporation and high 
chimney 'temperature. A longer fire box or an increased ' number ' of 
baffle walls, or both, and a carefully selected grate would probably greatly 
finerease the efficiency of Philippine coals. If the .number of baffle walls 
is 'greatly increased, care, must be exercised that there 'is sufficient draft. 

The 'tendency to bum out of. the range of the boiler tubes which coals 
high in .volatile 'matter' show, is ■ ^aggravated by an excessive draft. The 
greater; the' quantity' of air drawn through the fuel. bed, the more rapid ^ 
.'the combustion; and ''the farther ,in the;'rear of . the combustion ' ehaniber 
if 'tate. place..' With' a heayy draft 'the, result :is high chimney temperature 



354 


cox. 


and low efficiencw. On tlie other haiid^ too little air results in low 
efficiencT due to incomplete combustion. 

Highly bituminous coals deposit much soot which may reduce the 
efficiency of the lieating surface^, and the formation of scale is a factor 
which needs close attention if maximum efficiency is to be attained. 
With a change in efficiency other factors of the heat distribution also 
vary. The radiation is especially yariable with the size of the plant and 
the temperature of the combustion chamber. 

The size of the fuel is a yery important factor. Tlie crumbling of coal 
reduces its yalue for steaming purposes. There is a tendency of coal 
from some parts of the Philippines to fall to pieces. Care must be 
exercised in handling to pxeyent this. 

The moisture of the air is a large factor in the tropics. Witli an 
evenly warm^. almost saturated;* atmosphere the amount of water entering 
the furnace is enormous and considerably lowers the capacity and ef- 
ficiency of the ]}lant. 

The average of the calorific values of all the Philippine coals tested 
is 6;,003 calories and that of the AusHalian coal purchased by the 
Government and furnished to this Bureau for fuel is 6;614. In in- 
dividual cases the calorific value of Philippine coal is as much as that 
of the Australian coal and in one case showed an efficiency in this plant, 
which is unfavorable to Philippine coal^ within 3.75 per cent as great as 
that attained when the Australian coal was fired. 

With respect to ash, clinker formation and the production of smoke 
the Philippine coals are superior to any others ofEered on the Manila 
market, 

9/5 calories=,B. T. ^ U. 

®^Tlns coal was tested in June, 1907 (tests Xos. 1 and 2, Table 11), 
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XII, Figure showing graphically the temperature of the due gases, base of 
stack, of tests numbered 1 to 10, recorded in Table IV, A to J, in- 
, elusive. . 
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METHYL SALICYLATE 11.^— SOLUBILITY IN WATER AT 30 ^ 


By H. 1). GiiiBS. 

(From ihc Lahoratory for the hwestAgation of Foods and Drugs, Bureau of 

Science, Manila, P. L) 

In tlie studies of the hj^drolysis of methyl salicylate, the results of 
which will be published later, it became advisable to determine with 
some degree of accuracy, the solubility- of the ester in water and in some 
other solutions in which the rate of hydrolysis was being measured. 

IsTo accurate measurements have been found in the literature. Gahours - 
records that the oil is scarcely soluble in w’-ater. The United States 
Pharmacopoeia^ and the iSTational Standard Dispensatory'^ say that it 
is sparingly soluble and the Chemiker-Kalender® ^Venig loslich;” state- 
ments evidently originating from the observations of Cahours made 
sixty-five years ago. 

The luethod of analysis employed is essentially the same as that descadbed in the 
first paper. Tlio solution in which the methyl salicylate is to be determined is 
filtered to remove any iiiidissolved ester (the first few drops passing through 
the filter being discarded), made strongly alkaline with sodium hydrogen car- 
bonate to unite with and hold back any free salicylic acid, extracted repeatedly, 
not less than three times, with chloroform and the chloroform extracts run into 
aboni 20 (adde c(mii meters of a 10 per cent solution of sodium hydroxide and 
saponified in a si(»ani bath. After evaporation of the chloroform the salicylic 
acid is exirmded and made to a definite volume with water for the color 
eompariwons. 

Wheu tlu.^ eomparisou is made witli standard solutions prepared with 
salicylic acid, tlio (^olor shades are different, owing to the formatioii of; 
small qnaniiiies of other phenolic compounds besides salicylic acid in the 
hydrolysis of the ester, and are quite difficult to match in the wedge 
colorimeter. Some eyes read the percentage very much too low, while 

VThe first article on the occurrence and determination of salicylic acid in 
metliyl salicylate, the separation and determination of the two substances in 
foods and drugs, and the hydrolysis of the ester with sodium carbonate and 
sodium hydroxide appeared in This Journal, Bea. A. (1908), 3, 101, and Awi; 
0/mm, Boc, (190$), 30, 1465, ' 

, d, Ohem. tk PMrm, (1843), 48,; 61.' 

' »8th ed/ (1900)V'^90.,., ; '■ 

<(1W5);'970. ' 

''' : »( 1907 ),'' 1 ,' 164 . 
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others Imve the opposite tendenc}^ Very satis faelory standards are 
.prepared by dissolving a weighed quantity of pin*f^ inolhyl salicyiate in 
chloroform and carrying tlirough the saponificad ion in tlu^ saim^ man nor 
as the determinations. Standards, representing from 1 to 2 niilligranis 
of methyl salicylate in 50 cubic eentimoters of soluiion, ha.v(‘ }) 0 (m found 
to be most satisfactory for comparison with tb(^ waulge coloriuK.d.er. 

The solutions for niuilysis were prepared by' agitating a hirge exx-ews of ])ure 
methyl salicylate in water varying in purity from iha,t of usiuil laboi'iitory 
distilled product to a conductivity of 2.8XiO"<' at As the rate of liydro- 

N 

lysis of the ester in sulphuric acid is under investigatioig thes solubility in 

this strength of acid has been determined from time iO' time as the liydrolysis 
proceeds. 

In the following tables, ITo. is the number of the determinations, 
T is the time expressed in hours during which tlio solutions were 
agitated, S is the quantity of substance used in the determination, ex- 
pressed in cubic eentimetex’s, and Q is the methyl salicyiale found in 
solution and expressed as grains of solute in 100 cubicj cjontinmiors of 
solvent. 

Table I. — Solu'bilHif of methyl salicylate in water {temperature, 


No. 

T 

S 

Q 

1 

IH 

5 

0.063 

2 

60 

30 

. 061) 

' 3 

139 

10 

.076 

4 

354 

10 

. 076 

5 

834 

10 

.073 

(5 

97v8 

5 

.074 

7 

2,160 

5 

. 093 

8 

336 

5 

.074 


Determinations Nos, 1 to 6, iiKdusire, wtun made upon (iLlferont 
porlions of the same solution, prepared by coiisianily agitating in a, lK)ttlo 
10 cubic eeniirneters of methyl salicylate and 500 cubic eentiirioters 
distilled water at B0®±:1'^. No, 7 is the analysis of a mixture 'O'f 15 
cubic cemtinieters of distilled water and 0.5 cubic centimeter of methyl 
salicylate which had been agitated in a sealed gkvSs tube for three months, 
at temperatures varying from 30"" to 100°. The system had approached 
an equilibrium and the amount of methyl salicylate hydinli zed was 
found to be 0.0125 gramd No. 8 is the analysis of a mixture of 10 

®In .standardizing cells at 30°, I -have, used the temperature eoeffioienis 
found by Jones and West, AM. Ohem. kf our. (1005), 34, 381. 

’^TMs determination is not to be taken' as' an , accurate, measure 5of the equili- 
brium or the rate of hydrolysis for the reason that the actioh of the solutions 
on the glass was found to be considerable, A portion of the salicylic acid was 
|pfiin4 the form of 'the sodium salt. 
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caibic centinieters of water^ condiictivit}^ 2.8Xlb'‘' at 30^^^ and 0,6 cubic 
centimeter of methyl salicylate which was agitated in a sealed tube at 
30°±:1°. This determination is probably as reliable as any that have 
been made and represents a fairly accurate average. Electrodes were 
sealed into this cell and measurements of tlae conductivity of the aqueous 
phase sliowod that it luid changed but little during the last seven claj^s 
of tlie ten days’ agitatiom 

TAimE IT . — SokihiUty of methyl salicylate in ^ sulphuric acid soliitio7i [tern- 

peratiire, B0°). 


No. 

T 

S 

Q 

1 

66 

10 

0.077 

2 

139 

10 

.077 

3 

354 

10 1 

.076 

4 

' 978 

1 5 ! 

.078 


It is to be expected that the solvents wdll show a constantly increasing 
capacity for dissolving the ester as the hydrolysis proceeds, owing to 
the slowly increasing concentration of the methyl alcohol, one of the 
products of the hydrolysis. The rate of the increase in the concentration 
of the ester is very slow as shown from the tube of distilled water which 
had boon agitated for three months with the solute. The concentration 
of the methyl salicylate had increased to 0.093, and from the determina- 
tion of the salicylic acid the concentration of the methyl alcohol in the 
aqueous solution was found to bo approximately 0.02 gram per 100 
cubic centimeters. Since the rate of hydrolysis in acid solutions is more 
rapid than in water, it is probable that the increase in the concentration 
of the ester will be more rapid in the former than in the latter. 

SUMMARY. 

ISf 

The solubilities of methyl salicylate in pure water and in sul- 
phuric acid solution at 30° have been determined. The average of a 
number of determinations is 0.074 gram per 100 cubic centimeters for 
the former solvent and 0.077 for the latter. 

Slight improvements iiy the colorimetric method for determining 
methyl salicylate as given in the first paper are described. 





THE COMPOUNDS WHICH CAUSE THE RED COLOR 
IN PHENOL. 


By H. D. Gmbs. 

{From the Ldhoraiory for the Investigation of Foods ayid Drugs, Buream of Bcieme, 

Manila, P, L) 


Much iiiYestigatioii and speculation has been indulged in hy various 
writers concerning the cause of the red coloration of phenol. At this 
time it is well established that impurities in phenol may produce a 
discoloration. It is also true that pure, colorless phenol is reddened by 
the action of moisture, air and the more refrangible light rays; in other 
words by hydrogen peroxide oxidation. The color has been considered 
to be due to various eojiipounds, but I have found, after investigating 
the samples which have come under my observation in this laboratory, 
that the true nature of the colored compounds and the inetliod of tlieir 
formation is not to be found in the literature. 

A l)rief review of the literature shows the most prevalent idea to be 
tluii the coloration, is due to impurities. Some of the latest text-books 
on organic chemistry still cling to this theory, 

IT. IV'Ullier ^ states that plieuol will keep well if the impurities are resinified by 
ilH‘ nciiou of the air on the alkaline solution durinj,^ the process of piirilication. 

.11, lla^’cu'* attributes tbe formation of color to the action of the oxygen anti 
ammonia of the atmosphere, which, in his opinion, probably produce rosalic acid. 

A. iSicha” says the coloration is due to copper. He prepared pbenol wMcli 
remained e.olorU‘ss for months in the sunlight by distilling in glass Vessels. 
W. Meyke‘‘ believed the color to be caused by the lead of tbe Containing vessel. 
IK hjbell " stat(*s that phenol crystals contain substances which are colored through 
the action of light. Tlu'se substances are not metals as is claimed by Meyke. 

IL Hager® found some samples to be colored by the presence of iron, and he 
inclines to the view ilrnt the red color can not result from a chemical change of 
the phenol. The basis for the red color does not lie alone in the iron content 
and may be caused by the raw material or the method of pxirifying and washing. 

Dingk Poly. Journ. ( 1866 ), 179 , 462 . 

‘^Chem. OentrU. ( 1880 ), 11 , 178 . 

« J. Boo, ahem. hid. (1882), 1, 397. 

^hihresl.f.ahem. 

^ahom. Oentrhl ilBm), mi 

' '' ' , . ' ■ ^ : '' ' . 361 ,, 
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Probably a coralliii or tropiooliii compoinid formed by the acd/ioa of ainmoiiia, 
and ozone of tlse air prdiices tbc color. 

A. Krcmel ^ Ixdieves Ibat the red color iw produced by a bvrg'o lunuber of metals 
and inetiillic oxides, particularly copper, and then lead, silver, a, ml zinc. 11n lias 
no action. He says that thes(^ metals enter into conibinadions, the r(‘.suli, laving 
that thoHc compounds dissolve in phenol with a red color. Phis e.ompmiml (;jui not 
be rosolic atnd for the reason that it dissolves in coue.eni.ra,UMl snipinirie ae.id with 
a blue color, whenms rosolic acid does so with a yedlow color. E. Mylius ^ Inhievos 
that the glass vessida exercise an inihience by giving up alkali when tiny are (‘asily 
acted upon by the phenol. 

E. Pabini*'* states that the red color is due to the act.ion of hydrogen peroxide 
in the presence of metallic salts and ammonia. lie ascribes tluj forimiiion of the 
color to the production of ammonium phenate wliich is converted into a, pheuato* 
of the metal present, iron or copi)er, and which is in ttirn acted ii])on hy 
hydrogen peroxide, yielding the red coloring substance whicli be cadis plieiniry- 
threne. Tliis compound is soluble in alcoliol and phenol, coloring tlie latter red. 
It dissolves in sulphuric acid with a blue color. 

A. Bidet ^‘' states that phenol which is carefully purified will remain colorless 
bn exposure to air and ligdit. W. Hanko^^ finds that the coloration is due princi- 
pally to oxidation. The prcvsence of l.hiophen, creoHol or parakresol do(w not afVcct 
the color. Metals such as copper, iron, and lead and their sa.its, as well as ammonia 
.and ammonium chloride, accelerate its formation. J. Boes‘‘“ iKdieves it to be 
highly probable that an isoplienoi described by Brunner is the cause of the red 
' coloration. Oumaronon is not the cause. 

IColm and Erycr^^ have found that the coloration requires the presence of 
' moisture, air, and light rays, or in the absence of light rays, hydrogen peroxide, 
and that the presence of metallic impurities accelerates tlie color formation. They 
, conclude that the colored compound is an oxidation product of phenol and can be 
formed in pure phenol under the proper conditions of light, moisture, and oxygen. 
Ho coloration occurs when the phenol is protected by ruby glass. 

A. Eieliardson has proved the presence of hydrogen peroxide in phenol which 
has been exposed to the light and he concurs in the opinions of Kohn and Fryer. 
The light waves at the blue end of the specinim are the ones wbich produce the 
effect and not those at the red. 

Kohn repeats that the coloration will take place in pure phenol, when moisture 
and oxygen are present,, under tlie action of the more refrangible liglit rays. 
^ A, Bach^'*' says that while phenoi reddens by the action of air, moisture ami light 

' ' ^ Bqc. men, Ind, ( 1886 ) , 5, 100. 
y: '' ^ ahem.CrnirU. (1887), 18,, 251. ■ 

'"V.'iS'oo. aitm. M. (1891), 10, 463. 

OHm, Baris (1891), III, 5, '13, Oompt. rmd. Aca4. 4 sc. Par. 

, (1889), 108, 521. ; 

d. to. '(1892), 25, 386, Bel , 

(1902),.II, 73,'60.' 

' pr, Ohem. (1902), 173, n. s. 66, 304. 

^ to. tom. (1893), 12, 107. , , 

^nid, 415. 

^^Chem. Fews (1893), 68, 163. 

"^tom. tofrR (1894), II, 65, 318. , A 



THE RED COLOR IN PHENOL. 


363 


the renction is not us simple as Kolin and Fryer or Ricliardson believe ifc to be. 
He excluded air by working in an atniospbero of caii>on dioxide and found that 
under iinsse conditions the coloration was still produced in the sunlight. Ho could 
donionst-raiu no ira-ees of hydrogen peroxide in the mixture. 

J, Walter finds that tlic presence of iron salts increases the production of 
the red color. He attributes tlie coloration to tiie action of hydrogen peroxide. 

L. Iteuter has observed that by adding sulphur dioxide to phenol it can be 
kept colorless for an almost unlimited period. vSince the discoloration of phenol 
does not interfere with its application in medicine lie recommends tliat^ to avoid 
accidents, all phenol be uniformly, artificially colored rather than treated with 
preserving or decolorizing agents. 

EXPERIMENTAL. 

The samples of phenol investigated were the purest crystallmed products 
which could be obtained from vaidous manufacturers. In this climate^, 
where the sun^s actinic rays are so very intense^ they assume a brilliant 
red color very quickly; it. is in fact difficult to preserve the white 
crystals after a bottle has been opened. Exceptional opportunities are 
here offered for the study of reactions which are at least in part due to 
the catalytic action of light rays. The prevailing temperature is 
and tlie variations are within rather narrow limits. Many of the reagent 
bottles standing upon the shelves in a well-lighted laboratory give a 
distinct reaction for hydrogen peroxide^, and whenever tests for hydrogen 
peroxide are to ].)c made the reagents employed must be purified and 
tested. Under lliese conditions appreciable anioiints of the reaction 
products under investigation are produced in the inininium of time. 

.1. have found that quinone^ or a quiiione derivative is the principal 
, colored compound formed^ although during the oxidation of phenol to 
(■[uinono it is to be expected that other substances will be produced. 

Cross, Bova.n, aud Heiberg,”*^ on oxidizing benzol with hydrogen peroxidCj 
found the produefs to bo phenol, eatcehol, quinol, and quinone. Martinon*^ 
dcunonstrat-ed that phenol when oxidized with hydrogen peroxide produced cate- 
ohol, quinone, and quinol. It is to be expected that the oxidation of phenol 
will produce the ortho and para derivatives and no meta compounds.®- 

Quinone dissolves in phenol, producing a brilliant red solution. A 
very sinali crystal dropped into liejuxd, colorless phenol reddens im- 
nic'diately upon sirildng the phenol and is slowly dissolved, producing 
the characteristic red solution. 

"J. Soo.Ohom.Ind. (1899), 18, 360. 

(1905), 24, C86. 

■ojSer. d. chem. Qes. (1900), 33, 2017. 

®j5uK. Soc. CTimh. Paris (1885), 43, 155. 

®Thiele,i,n«. (Xie%) (1899), 306, 129. , 
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Quiiione aisd phenol condense readily forming pheno(|ninono to winch Jackson 
and Oenslager"^ have assigned tlie fornmlii: 

HO OO.H^ 

C 

lid dll 

II I 

lie dn 

\ / 

\/' 

c 

CfillsO OH. 

Willstatter and Piccard"’* offer the criticism of this formula that it does 
not explain the color of the compound or its instability. They suggest the 
graphic representation : 


\/ 

\=o...(on)o„Ur, 

in which the dotted lines are partial valences. This compound is very unstable. 
The dilute, aqueous, alcoholic and ligroin solutions are almost colorless and in 
all probability the condensation product is decomposed on solution in these solvents. 
On evaporating the solvents the red color gradually makes its appearance as 
the concentration incxxnisos. Tlic aqueoxis solution reacts in such a, way as to 
show the presence of quinonc. 

Metliods for separating small quantities o£ qniiiono from largo quan- 
tities of phenol have all proved unsatisfactory. In some cases the 
condensation produetj phenoquinono;, if not alroaxly jirffsent will be 
produced, while in others (pxinono will, be. obtained by the txroaking down 
of phenoqiiinone, if the latter is present. Tim presence or absence oC 
pheiioqninone in the solvent plnvnol can probably only ho [proved, by 
physico-chemical methods whicli have not, been adopted in this work. 

KSainples of colorless phenol to whioli a few drops o:i: water worci added 
were placed in the sunlight in -clear, glass bottles, the liquid half :fllli.ng tlm 
bottle. The samples reddened, in a few hours and after four days were 
so brilliant in eolor that an , analysis was attemjxted. Otlier samples 
which had reddened upon the laboratory shelves upon long standing, 
were analyzed at the same 'time.' 

i, On pouring "sm, alb quantities/n^ the 'red phenol into ten, or twenty 
dimes the voluine of water, ah;>linOSt' colorless, solution ds' fonned. ' The 
samples which had reddened upon long standing upon the laboratory 

* d, C5/WW. 00S. (TS95), 28', 1614. "Am., Ckmt, Jmrh (ISOO),' 18, T. 

A okem. Bm. (1808),, 4l, 1464 . , d; ^ , ;; 
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slielvoR separaied a sniall quantity of an insoluble' red coanpoiuid^ while 
those whieli had been in tlui sunlight for four days formed a clear 
solulioii with no insoluble portion. Tlie red precipitate was collected 
upon a, filter. It was insoluble in wateL very slightly so in ligroiii and 
quite soluble in alcohol, forming a red solution. The compound^ with 
the cxc(‘pi.ion of tlic differences in the solubilities noted^ behaves in the 
same manner as ])h,enoquinone. With alkalies it turns to a bhio-green 
and with conccMitinted sulplmiic acid it fojms a brilliant bliie-gicon color. 
The coloring qualities of the substance are intense. A small amoniit 
dissolved in phenol or alcohol produces a l^rilliant red solution. It is 
possible that this compound is the ortho modification of phenoqiiinone. 
The amounts obtained wei^e so small that no analysis was made. 

Reactions for catechol were obtained from the clear solutions^ which 
were almost colorless with a slightly yellow tinge. On addition of lead 
acetate a copious^ white precipitate was formed. After treating this 
precipitate with sulphurous acid and filtering, catechol was extracted 
with ether from the filtrate. On evapoidion of the ether in a vacuum 
desiccator, crystals which were proved to be catechol by the ferric chloride 
and sodium hydrogen carbonate reaction, separated. 

On treating 20 cubic centimeters of the phenol whieli had reddened 
in the sunlight with a small quantity of snlpliuroiis acid and distilling 
in steam until all of ihe phenol had passed over, the residue in the 
distilling flask was found to contain a very small amount of red precip- 
itate similar to that obtained from the old samples of phenol upon pouring 
into water. This was eolleeted upon a filter and was found to j’eact 
with solvents, sodium liydroxide, and concentrated sulphuric acid in the 
same manner as the icd eompoimd separated from other samples. The 
filtrate, upon extraction with ether, demonstrated that considerable 
quantities of catechol and quinol were also present. 

Quinone was demonstrated by the hydi^ocoerulignon reaction of Lie- 
bormann.-^' The coerulignon employed in this test was made by the 
method of Hofmann/*^ except that methyl sulphate was substituted for 
methyl iodide in the production of the dimethyl ether of pyrogallol. It 
is to be noted that in the presence of considerable quantities of phenol 
the coerulignon precipitate has a reddish tinge and it does not under 
these conditions change readily to the steel-blue color which is charac- 
teristic of these crystals. Since pure, white crystal's of phenol in 
concentrated, aqueous solution fail to give any coloration whatever, 
while the red phenol mmediately gives a distinct cloudiness which soon 
becomes I'ed and extends downward throughout the solution, it is fairly 
safe to assume that the reaction is positive. Wlien the red phenol is 

(1877), to, 16L5. 

(1878), 11, m 

■ 75034—5 
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dissolved in a, vorj Binall (juaiddiy of waior (-on la in inn' jusi I'noiio'h 
potassium liydroxido so iluit iho ivsuHing solution, is almost muilrjjK a 
copious precipitate of the si(‘cl-l)lnc (UTst.als of (*ocrulii»‘non is ohlaims] 
on adding* a drop of tlic hydroco(u*uligtion iH^agcnt. If lln^ solution 1)(‘- 
comes too alkaline through the addition of loo much caustic alkali it^ 
can he made acid with axadic aci<l ludoiv tlu^ addition of tlu' Lii^dm'mann 
reagent. An aqiu'oiis solution of plieiHxjninoiK^ will also give this rtaudion 
for (|iiinoiie, the cocrulignon (U-ysials luung viu’v ('iiaraehuasiitv dliis 
is to be expected from tJn^ fact tliat pheim(|uinone is a ('ompound of 
very slight stability.-' 

Hydrogen ])eToxide has heen found to nau-t with hydrocotuudignon, 
prodneing the characteristic eoeriilignoa crystals, sam])h's of w.d 

phenol which wnre found to react with the hydrocotuadignon rtmgent 
were tested for hydrogen peroxidt*. and whik' traces wiw inditaiitid hy 
both the vanadic acid and tln‘ titanic acid rmudions, th(‘ amounts seem to 
be too small to account for so gr(,uit an oxidation of hydrocxHumliguon. 
Any eonsiderablo amount of hydrogen peroxides would hardly l)e ex- 
pected to bo present if it reacts wdth tlie phenol t(^ product.^ oxidation 
products. 

One cubic centimeter of rod pdionol dissolved in ala)ut 15 (!ubie 
centimeters of water will liberate iodine from the ])otasHium iodide 
reagent (potasvsium iodide dissolved in water with or witlioui the 
addition of a little ferrous sulphate) as shown by the addition of si, arch 
solution. The blue color does not appear at once for tlu' reason that 
the phenol reacts with the finst portions of iodiim set After some 

minutes, however, the blue starch compound is unmistakably present. 

Another method wliich, is in soine respects more satisfactory for 
producing the reaction, is the addition of 1 v\\]m ccmtinudxM* of tiu' ivd 
phenol tliroxigh a pipette reaching to tlui bottom of a test iulx^ containing 
the solution of potassium iodide and starch, witli or wii.hont a lrac(‘ of 
ferrous sulphate. Immediately above the red layevr will appear tlui 
starch-iodine blue. On gently rotating tlie test tube the blue starcth 
compound will float upward through the (colorless reagent, (lolorluss 
crystals of phenol will not produce this reaction. While ciuiuoue vvilj set 
iodine free, from a solution of, potassium iodide its' ])r 0 seuee is, not 
conclusively proved l')y this test for' the reason that ihe^ hydrogen peroxide 
which may bo present will prodxxce the same reaction. , , , 

If the theory that the red, color is caused by a phenol Bolution, or 
'condensation, of the: oxidation products of phenol,, principally,' quinone, 
As correct, ' phenol An'' dilute 'woluti'ona under tlie 'samey conditions of 
moisture, ox 3 ’*gen, and light rays shonld; be oxidried and the ablutions 
should be colored only by these ■ oxidation: products. ':' 'Mixtures of Ahe 



THE RED COLOR IK PHENOL. 367 

followiii^' proportions wore sealed in tubes and agitated in tlie sunlight 
at about bOt' for seven da^-T. 

]. Phoriol 1 drop, cdiloroforni 1 cubic ecntimotor and water 5 cubic centi- 
inetcrs. 

N 

2. Plionol 1 drop, cblorofoi’in 1 cii])ic centimeter and -- siilpliuric acid 5 
cubic eentiuKdcrs. 

N 

a. Phenol 1 drop, chloroform 1 cubic centimeter and — sodium carbonate 5 
cubic centimeters. 

In. each case the tube \vas half Riled with liquid, the remaining space 
being occupied by air. After a few hours in the sun the clilorofonn layers 
in each tube showed a yellow coloration. Tlie aqueous layers in numbers 
1 and 2' were colorless, while that in nmnber 3 was slightly yellow. The 
colors continued to deepen and at the end of one week, when the tubes 
were opened, the clilorofonn was a deep i^ellow and in numbers 1 and 2 
contained all the color, while in number 3 the yellow was equally 
distri])uted between tlie two solvents. Quinone was found to be present 
in every tube. The remaining portions were too small to work with 
soparalely; however, a composite mixture of the residues was found to 
coniain catechol. It was to be expected in the tube nuniber 3 that the 
a<,jueous layer would also ])e colored for the reason that quinone in alkaline 
solutions unites with ox^'gen to form more complex colored compounds, 
some of which, are soluble in water. 

A. mixtiE'o of 5 gi'ams of phenol, 100 cubic centimeters of chloroform, 
and 200 cul)ic centimeters of purified water, which had an electrical 
conductivity of 3.7 XIO"*'’^ was agitated in a liter bottle for eight days 
at a tmnperature of 30'^±:1°, The chloroform became yellow in one day 
and after eight days was a yellow-brown. On treating portions of the 
chloroform solution with sulplnirous acid and distilling in steam until 
the ])l,iem)l was volatilijied, the residual solution was found to contain 
Binall quantities of quinol and eatechoh The aqueous portion of the 
reac'tion. mixture's shows considerable quantities of hydrogen peroxide by 
tlie tiinnict and vanadic acid tests and by the potassium dichromate and 
aniline miction of Bach.-” 

In view of Baclv's criticism of the statements of Ivohn and Fryer (that 
the coloration of phenol requires oxygen, moisture and light rays), the 
experiments of Bach, in wdiich he excluded oxygen by working in an 
atmosphere of carbon dioxide, were repeated and further extended by the 
employment of two other gases, hydrogen and nitrogen. 

llie experiincuts were carried on in sealed, tubes and tbe necessary precautions 
were taken ir» exclude all substances except those tbe presence of which was desired. 
The hydrogen employed was generated iir a steady, rapid stream q>y the, action of 

rewd. Aoad. d, Par. (1894'), 119,1218. 
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sulphuric acid on pure 5 :inc in a Kipp apparatus. From tin; generator it was 
passed through a solution of pyrogallol in caustic potaslg conccmi rat.ed sulphuric 
acid, tubes of soda lime and calcium chloride', a combustion tube of coppeu* turnings 
and copper gauze heated to i-edncss and finally a wash bottler of [)tir(‘, concentrated 
sulphuric acid, from which it was led directly into the tubes in which the (iX])eri~ 
merits AVere to bo conducted. 

The nitrogen was obtained liy passing attuosplieric air through livi^ large wasli 
bottles, each holding scA^eral liters of alhaline pyrogallol and then through Itu! same 
train of apparatus used in purifying the hydrogen. Oilu'r indiirtaxait ga,H(*s of 
the atmosphere were, of course, prcS(‘iit. The ca-rbon dioxide was g(‘neral<Hl in a 
Kipp apparatus by the action of hydrochloric acid on niarbh'. It was piiriraal by 
passing through a calcium chloride tower and a wash bottle of pure concentrated 
sulphuric acid. 

The phenol used was a pure sample beautifully crystallized. The crystals w(U’e 
removed from the bottle by means of platinum tipped forc(‘ps and i.ransferred 
directly to the glass tube througii which a ra])id cunxuit of gas wa,s passing. The 
form of tube employed and the method of sealing in tlie required gas so a,s to 
exclude all atmospheric air was that employed by Franklin"'* in liis work witli 
ammonia with the exceptions that no sloj>cocks w(u‘c \ised on the tubes and at 
atmospheric temperature the interior of th(^ acuiled tubes were ai' atmospheric 
pressure. 

The following ten tubes and no others comprise this iiivesfigaiioa: 

I. Phenol (about 2 grams), freshly boiled water 3 drops, scaled in a hydro- 
gen atmosphere. 

II. Phenol (about 2 grams), freshly boiled water 1 cubic ccntimc'icr, heated 
to boiling in a, hydrogen atmosphere and then sealed. 

III. Same as I, except sealed in nitrogen. 

IVh Same as IT, except sealed in nitrogen. 

V". Same as I, except sealed in caiKon dioxide, ■ 

"VI. Same as II, except sealed in carbon dioxide. 

VIL Phenol (about 2 grams), water 3 cubic centimeters, boiled in a carbon 
dioxide atmosphere and sealed. 

VIII. Phenol (about 3 grams), boiled in a carbon dioxide atmosphere and 
sealed. ' ‘ 

IX. Same as I, except sealed in atmospheric air. 

X. Same as II, except sealed in atmospheric air. 

These tubes were then placed in the direct sunlight and constantly 
agitated by means of a mechanical device. 

Tubes IX and X showed a distinct color in a short time and were a 
light red color in two hours. The color, as nearly as can he judged by 
the eye, deepened constantly for about ten days. These two tabes are 
the, only ones which show, any color visible to the eye. At this writing 
they ha.ye. been exposed to, the sunlight, for fifty-seven , days. This work 
confirms that of Eohn and Tryer. 

' Since phenol and moisture sealed .in this way in an atmosphere of an 
indifferent gas will form a_ delicate test for the presence of oxygen, 
tabes y, VI, and VII produce evidence that carbon dioxide and water 
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do not react with each other in the presence of sunlight to form oxygen 
or hydrogen pcToxicIe and other products according to the von Baeyer 
assimilation hypothesis. Bach/® however, states that he has produced 
this decomposition in the presence of uranium acetate by passing the gas 
into a solution of the salt in the siinlight, obtaining formaldehyde 
and hydrogen peroxide as the products. Euhler^^ severely questions 
these results. The decomposition of carbon dioxide in tlie presence of 
water has been effected by Lob^- by means of the silent electric discharge, 
the products being carbon monoxide, oxygen, hydrogen peroxide, formic 
acid, and formaldehyde. It would thus appear that the reaction between 
carbon dioxide and water requires the presence of a more powerful 
catalytic agent than sunlight. Prom the work of Kastle and others, 
it is evident that the presence of phenol, a peroxidase accelerator, would 
have a beneficial effect upon such a reaction when once it is started. 

CRITICISMS OP SOME OF THE EARLIER WORK. 

Wliile it may be possible that some of the impurities in phenol such as 
ammonia, thiophene, ereosol, parakresol, etc., may cause a discoloration 
as stated by Muller, Sieha, Meyke, Ebell, Hager, Kremel, Mylius, Pabini, 
and Bidet ; impurities, other than moisture and oxygen, do not cause the 
coloration of pure phenol. The oxygen of the atmosphere was thought 
by Hager and Ebell to produce the red color through its effect upon the 
impurities present and not upon the phenol itself. Pabini, wliile he 
ascribes the action to hydrogen peroxide, also considers that impurities 
such as metallic salts and ammonia must be present. 

Although Ivohn and Fryer, and later Richardson, proved the cause of 
the coloration to be hydrogen peroxide, the explanation oE the mechanism 
of idle reactions involved is not entered into by them, except that the 
former hint at the possibility of an indopheiiol being present. The 
experimental proof upon wlilcli Bach bases his criticism of the work of 
Kolin and Fryer must be inaccurate. When he attempted to exclude 
oxygen by working in an atmosphere of carbon dioxide it is highly 
probable that lie did not rigidly accomplish the desired result, or else 
other impurities were present. 

Because Bach failed to find hydrogen peroxide in the mixture of 
phenol, water, and carbon dioxide it can not be considered proved that 
available oxygen was not present to react with the phenol. It is very 
improbable that rosolic acid, corallin, or tropseolin as suggested by Hager 
have produced the color in the samples of phenol investigated by him. 

d, chem. Bes, (1894), 27, 340. 

(1904), 37, 3414. BaclPs answer, (1904), 37, 3985 5 (190G), 
39, 1072., ' '' / 
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The phene rythrene of Jfabini ina-y well be plienoquinonc or a derivative 
of qiiinone. The existence of the isophenol of Brunner, to which Boos 
ascribes the color, is ])roblematical. 

Since quinone, produced by tlie oxidation of ])bcau')l, lias been found 
to produce tlie major portion of the color in the samples oxaininod by 
me, it is evident that suljdiiir dioxide as suggested hy Reuter, ajid 
stannous salts as mentioned by Kremel will retard the ])ro(hiction of 
the colored compounds, while many other metallic salts, as stated by 
Sieha, Meyke, Hager, Kremel, Mylius, Fabini, ivolm and Fryer, and 
Walter will accelerate this plienonienon by reason of ilicii* tendency to 
increase the rate of oxidation. 


SUMMARY. 

The tendency which phenol has to assume a red color on standing Ims 
generally been attributed to impurities. Wliile several workers have 
proved that pure, phenol is colored in the presence of moisture, oxygen, 
and light rays or by hydrogen peroxide oxidation, no explanations of 
the reactions involved have been made. This work lias proved tlie 
principal products to be quinone and catechol. The major portion of 
the color in red phenol is produced by qiimone or quinone derivatives 
in solution. Tiie presence of the brilliant red condensation ])ro(liiet, 
phenoqiiinone, is highly proliable. 



ON THE DETECTION AND DETERMiNATlON OF 
COCONUT OILA 


By H. D. Gibbs and F. Agcaoili. 

{From the Laboratory for the Investigation of Foods and Drugs, Bureau of 

Science, Manila, P. 1.) 


Hodgson - describes what purports to be an accurate inetliod for the 
detection and estimation of coconut oil when used as an adulterant of 
butter. He states tliat he has found ‘■'hhe quantity of oxygen recpiired 
to oxidize a given quantity of the saponified fat, is, in the case of butter 
fat, invariable/’'^ In tlie ease of coconut oil he finds the quantity of 
oxygen required to vary considerably in the twenty samples ^ examined, 
but the largest amount required by any of the samples is much less than 
that used by an equal amount of butter fat.® Hodgson maintains that 
the composition of mixtures of coconut oil and butter fat has been 
accurately determined from tliis constant. 

The method employed consists in the oxidation of 20 cubic centimeters of a 
0.1 per cent aqueous solution of the saponified fat with — potassium perman- 
ganate solution. The oxidation is carried on at the temperature of 100° in 
the presence of a large excess of sulphuric acid and potassium permanganate. 
The proportions are 20 cubic centimeters of a 0.1 per cent solution of the products 

ISf 

of saponification, 50 cubic centimeters of — potassium permanganate and 50 

cubic centimeters of a 50 per cent solution of sulphuric acid. This mixture is 
heated for thirty minutes at a temperature of l()f)° and the excess of potassium 

N 

permanganate titrated with oxalic acid or ferrous ammonium sulphate. 

Besults of remarkable uniformity were <>btained with various mixtures of butter 
and coconut oil, 

SSinee the completion of this paper a number of investigators have found 
Hodgson’s method to be valueless. For the reason that no one has ptjinted out 
the real cause for its failure we are perhax)s justified in publishing our results, 
even though we are again proving the fallacy of the method. We have been for 
some time experimenting upon coconut oil and our investigations in other direc- 
tions tlian those chronicled here are being continued. 

Fetes (1007), 96, 273, 288, and 297. 

^ Ibid, 27X 

'‘Obtained in Birminghamt, England. 

^IbUL. 288. „ , ' ' 

, ' ^ Jbid, 297. ' ^ . 
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In the hands of the writers this method has not only failed as a 
quantitative method for the estimation oL‘ coconnt oil, l)iit it lias also 
failed to show any marked differences, which can l)e depended upon, 
between a number of different fats. The reason is easily found. 

The permanganic acid which is formed upon acidihcation of a potas- 
sium permanganate solution is readily clecom]:)osed on exposure to liglit 
or on gentle heating, with the separation of oxides of manganese and 
loss of oxygen. On boiling the evolution of oxygen is more rapid.'^ 
Even a weak solution of permanganic acid continually evokes oxygen. 
Dammer® states that in the presence of an excess of sulphuric add 
permanganic acid is reduced. 

Morse, Hopkins, and Walker " have found that permanganic acid and potassium 
permanganate are reduced by precipitated superoxide of manganese with tlie 
liberation of three-fifths of the active oxygen and that solutions of potassium 
permanganate are more stable if freed from suspended oxide and kept in darkness 
or diffused light. Even pure solutions are decomposed in direct stinlight. Morse 
and Beese state that they have '"always found dilute, moderately acidified solu- 
tions of permanganate quite stable at ordinary temperatures, provided they Avere 
fi’ee from oxide,” and that the decomposition of permanganic acid by the peroxide, 
attended by the liberation of oxygen, is a continuous reaction, AvUich ceases only 
Avhen all of the acid has been reduced to the oxide. 

These references seem to have escaped the attention of Mr* HodgBon. 
He mentions no precautions which were taken to purl Ij Ids permanganate 
solutions, does not speak of any decomposition oi; tlie permanganate and 
altogether has no difficulty in obtaining results, whiclr in view of our 
knowledge of the behavior of pennanganate solutions, are without suffi- 
cient experimental foundation. 

Boss and Eace^^ have found Hodgson’s method to he ""iiUAVorkable.” Tlieir 
experiments have shown them that “sulpTmri(3 aedd of the strength prescribed 
exerts under the conditions laid doAvn a considerable action on poiassinra permiin- 
ganate” and that ‘"oAving to the retention of iiic hydral.<Hl oxides of rmingancse by 
the insoluble fatty acids liberated on the addition of acid” diOlcmlty was experienced 
in obtaining a good end point. Thompson and Tankardd“ have found tliat iluj 
permanganate solution is attacked by the reagents used and pronounce the process 
'fundamentally unscientific and based upon error.” 

When the method of . oxidation of th® saponified fats is .carried out 
according to the described method, the loss of active oxygen of the 
permanganate solntion varies little in the case of each of the fats and 
oils with which w6 have experimented and moreover this loss in active 
, .oxygesQ is about the same as when distilled water is used instead of the 
; soap, .solutions, . In one case the lost oxygen escapes into the atmosphere, 

’■EoscoeandSchorleiuiaer.- Tr^fciseoaCh^miBtry (1900), 2, 910, 
'Handbach der anorganisohen Ohemie (1893), 3, 251, 

■ ■ ' 'Im. OfeewK /o«r. (1896), 18,'401. 

-■' (I ‘(-ISS?), 20, S26; '''i'’,'.'.. 

'v »’ (1998),, 97> 11^. ^ '' V ' 

y' (1903)^, '97, , ■; . . . 
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in the other it lias some action upon the oxidizable organic matter 
present. The results i*eeoi*decl in the following table were obtained 
uiidcT uniform conditions and with permanganate solutions which were 
especially purified. All suspended oxides were removed by drawing the 
solution throngli a tightly packed asbestos filter 10 centimeters thick. 
A layer of oxides of manganese was visible on the top of the asbestos 
and at no point was the visible penetration greater than 1 millimeter. 

Table I . — Oxidation of fats with potassium permanganate solution. 


Labora- 

tory 

No. 

Samples. 

Cc. of 
N 

-jQ per- 
man- 
ganate 
used. 

Oxy- 

genic 

equiv- 

alent. 

Labora- 

tory 

No. 

Samples. 

Cc. of 
N 

loPer- 

man- 

ganate 

used. 

Oxy- 

gen^s 

equiv- 

alent. 

55157 

Butler - __ 

38.5 

154.0 

49019 

Lard 

37.6 

150. 4 


flo 

38.5 

154. 0 

14 


37.8 

149. 6 

23 

do _ „ 

37. 7 

150.8 

14 

do 

36.5 

146.0 

23 

do 

37. 6 

150.4 

14 

do 

.37.3 

149.2 

22 

_do 

38.4 

153. 6 

2 

do 

39.7 

158. 8 

22 

do __ 

38.4 

153.6 

2 


39. S 

159.2 

25 

Caeiio butter _ __ _ _ 

37. 7 

150.8 

2 

do-— 

38.9 

155. 6 

25 

do 

37.7 

150. 8 

2 

do 

38.9 

155. 6 

16 

Coconut oil (rancid 

40.3 

161. 2 

4 

Olive oil 

36.2 

144. 8 

16 

do 

40.3 

161.2 

4 

do 

37.6 

150. 4 

16 


40.3 

161.2 

3 


37, 7 

150.8 

50109 

Coconut oil (refined) _ 

40.1 

160.4 

3 


1 37.5 

150.0 

56109 

do _ „ 

40. 1 

160.4 

3 

do 

i 37. 5 

150.0 

32 

Coconut oil _ 

38.3 

153.2 

3 

do 

1 37.5 

150.0 

32 

do 

38. S 

153.2 

31 

Linseed oil 

I 37.2 

148.8 

33 

do 

39.3 

157.2 

31 

- -do _ 

1 

37. 2 

' 148.8 

33 

do ! 

39.3 

157.2 ! 

1 

28 

I*ili-nut oil 

I 

j 37.8 

149. 2 j 

84 

, . (1 0 _ 

38. 9 

155. 6 

28 

do 

1 37. 8 

149.2 

34 

do„ __ ^ 

38. 9 

155.6 

17 

Oleic, acid 

* 35. 5 

: 142.0 

6 

do 

40. 6 

102. 4 

17 

do 

35. 5 

142.0 

6 

do 

40. 5 

162.0 

18 

Palmitic acid 

39.6 

158.4 

27 


3<'».3 

145. 2 

; 18 

do 

39,6 

158.4 

27 


36.3 

145.2 

1 

1 19 

Stearic add .... 

36.2 

144.8 

20 

Tiriitntion butter ... ... 

39.0 

150. 0 

1 m 

. . ..do , ....._ 

36. 2 

144. 8 

20 

... , .,. .,do.., - , ;... .. , . 

39.1 

156. 4 

29 

Glycerol 

36. 2 

144.8 

53280 

Lard _ _ _ 

42. 2 

108.6 

,1 

t| 29 

do...-.,., ., . , ,, 

36.2 

144.8 

53280 

do 

42. 2 

168.8 

i 

Distilled water 

88.3 

153.2 

49019 

do . 

37.6 

150.4 

;l 

i| 

.do.u 

88. 6 

154. 4 





ll 





The various fats and oils require different amounts of oxygen for 
their complete oxidation to carbon dioxide and water. The glycerol 
esters of four of the most commonly occuning fatty acids and glycerol 
itself would have theoretically the following oxygen numbers. 

^^Tbe so-called equivalent is the grams of oxygen times 100 required 

for 1 gram of fat. 

Different solutions of especially purified potassium permanganate were used 
to titrate some of the duplicates. Many other determinations^ uniform with these 
and not recorded here., were made* ■ ^ ' ; ■ ■ ^ ; 
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Tahijc II. 


Ka.t. 

()xy.u'<‘n 

(M3uiv- 

jth'iit, 

Butyrin - 

UXi. 7 

Balmitin. - 

‘JS7.S 

<')ioin ! 

as'.i.ii 

St twin 

t) 

(Uyeerol 

in.e 


The oxidation as carried out by the previously (lescu’ilK'd uiethod <loes 
not go tills far. If the 0,1 ])er cent solution of I he produces o(’ the 

N 

Baponifieation are oxidized with potassiuni piuaminganaie by tlu‘ usual 

method of titration, the oxidation slops far sliorl of cotn})leie jirodudiou 
of carbon dioxiile and vvat(*r. A nninber of fats whhv . ii’cated by the 
following method : 

To 25 cubic ccutiuicters of tlie 0.1 per cent solution after s{iponifi(^ation, were 
added 25 cubic centimeters of 50 per cent sulpburic? acid solution. The mixture was 

N 

kept at tile hoiliiij^’ lemperatuve a.ml potassium permangannte nddiul ^’nuliuilly, 

until the pink color remained ])crmaneiit for tbr(H‘ minut(‘S. The evaporated wader 
was replaced from time to time. An excess of permaiifi^aimie was always indicated 
by a small (|Utiniity of sus[)ended jiartielcs of (he. oxi<les of mangamsse. 


Fairly concordant results wore obtained. In. the following Inble the 
averages of a iiiimber of dotonni nations, and for comparison the iod,in(‘. 
numbers, are given. 

Tabou jit. 



^Tbe iodine mimbers are taken ftOm; ,Le^yk^wit'^eb7 ; ‘'Oils, and 'Waxes A 
and from Leaeb, "Food Inspection; and,,, Analysis,;' :exeept Ihe ,pil;bnut o,i;l ; and the 
iards ^luQh are our own determinatio:^®* 
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It is readily seen that these results hear no relation to the ainoimt of 
oxygen which would bo required if the end pj'oduets were carbon dioxide 
and water. They do, liowever, run parallel, in a measure, to the iodine 
numbers. We can see nothing to be gained by the employment of vSiich 
a method. The determination of the iodine number is easier of mani- 
pulation, requires less time, and is more accurate. The work in other 
directions is being continued. 

SUMMARY. 

We have demonstrated both experimentally and from the known 
behavior of potassium permanganate that the method advanced by 
Hodgson for the determination of an ^‘oxygen ecjuivalent” for fats and 
oils has no theoretical or experimental foundation. 

The products of saponification of the different fats and oils do require 
varjdng amounts of potassium permanganate for their oxidation. These 
amounts are, in a, measure, parallel to the iodine numbers. 




LAGUNA CLAYS, 


By Alvin J. Cox. 

{From the Laboratory of Inorganic and Physical Ohcinislry^ Bureau 
of Science^ Manila^ P. I.) 


This investigation was nndei’taken at the request of the Bureau of 
Education to enalale it to choose a clay for use in the pottery school,, the 
building for which is now being erected in Santa Cruz. None of the 
clay deposits of Ijaguna Province have been thoroughly studied up to 
the present time and, tlierefore, I will first discuss tliose so situated that 
the stripping of the material would entail the least labor and the soil 
overlying could easily be disposed of, Sucli clays would be economical 
to use were they of liigh grade. 

A paper on the clays from the Island of Luzon has already been 
published^ in which the uses and the chemical and physical behavior of 
some of the Laguna clays and the influence of the fluxes were thoroughly 
discussed. Tlie data, there given are to a great extent directly applicable 
to the samples treated in this paper and the application is so simple that 
the interested reader may make it for himself. The followdng statement 
regarding kaolin may assist in the proper interpretation of the results 
given below. 

The composition of pure kaolin (kaolinite) calculated from the 
theoretical formula Al2O3.2SiOo.2H2O is — 



Per cent. 

Silica (SiOa) 

46.65 

Alumina (AbOa) 

39.45 

Water (H 3 O) 

13.90 

Total 

100.00 


Examinations of kaolins from Harris Company, Webster, North Car- 
olina/ and from Glen Allen/ Missouri/ are as follows: 

Cox, Alyin This Journal, Bee. A.f (1907), 2, 413. 

0. Geol. Sur. (1897), Ball. 13, 59 et seq. 

Geol, Sur. (1896), 11, 578 et seq. 
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Che mica I am h/scs. 


[PigurGS give percentages.] 




Water 
added to 
give a 
workable* 
paste 
(percent 
total 
weight). 

i 

TensiU) strength 
of the air-dried 
sample. 

Shrinkage (per cent). 

Source. 

Kilo per 
.square 
centi- 
meter. 

l^ounds 

per 

square 

inch. 

Air. 

Fire at 
eone 
No. U. 

aVhal. 

Wfihstfvr N. a. . ' ... 

' ‘12.0 
2». 2 

1. 5.5 

22 

0 

4 

10 

12. 1 

Glen AIIgti, Mo_.. _ . . , 

0. 84 

■■ 

4 

8.4 






The chemical composition of the clays given below shows them, as 
they occur and may include impurities that may be removed by wavsliing, 
sieving, etc. 

iMATiQirro. 

The outcrops appear at varioas ])]aees along the Kutadoro Jtivor 
northwest of Matiqiiio. Three outcrops, which have been slaked by 
Laguna Province, are about an hour\s walk from Mal;i(|iiio. Idiey are 
very close together, the piismatic coni))ass vsliows them, to bo KP-* west of 
north of Pila and the anc.n)id barometer sliows their aititudo to be '340, 
300 and 270 metera, respectively, Ttie natives in])oi‘t tliat formerly 
lj,000 five-kilo baskets were taken from this point and Bhipped for use 
at Bilibid, All three of these outcrops are on the steep hillside, perhaps 
40 meters above the river. The clay slopes; w^ash down easily and one 
outcrop was so obliterated that it, was impossible to obtain a sample. 
The other two were readily iincovered and show thab most of the 
thoroughly weathered clay has been removed, or that the material has 
not yet been completely' weathered. ' Most' of, the post-auger" holes ' gave 
very gritty and imperfectly weathered samples. They all contain pyrites, 
which will prevent their burning; to a, .white proditei. 
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A liglit gray sample ol; fair quality was taken from the lowest outcrop. 
Three rhhnnninations gave its tensile strength as 4.8 kilograms per 
sqnan^ eeiilimeter ( (hS.;! pounds ])er sipiare incli) and its air shrinkage as 
1.4 ])er cent. 

Continuing up ilie Butadero River, on tlie left tliere is a large outcrop 
of clay about 4 metei's wide and 4 metei’s liiglr just a])ove the high-water 
line. On the surface it is hlca'iched to a whitish color, lait a few centi- 
meters ])elow it is blue. This clay contains pyrites and grit which uiiiit 
it for ])oltery use in tlu^ raw state. A short distance farther up, the 
Suiika Hnnka and the Kaloong Jhvc'rs join to form the Biitadero. Al:>out 
a half kilometer up the Kaloong on the right is a perfect illustration of 
the breaking clown of the basal rock in the formation of residuary clay 
deposits, but the decomposition of the deposit has not coiitinned far 
enough to form any considerable quantity of good clay. On the ridges 
the decomposition is very incomplete and the clay is full of unweathered 
rock fragments and pyrites. In the water channels and moist places 
the decomposition is fairly complete, but these areas are neither large 
nor numerous. HoM^ever, a sam])le from one of these places was the best 
that I found in the Matiquio region, and when subjected to laboratory 
examination gave the following results : 


Ch cm ica I a n a li/sis. 
[Figures give percentages.] 




Fluxes. 






Silica 

(SiO.). 

Alu- 

mina 

j 

Total 

iron 

given 

as 

ferric 

oxide 

(FC.OP 

Lime 

(CaO). 

Mag- 

nesia 

(MgO). 

Soda 

{NaoO). 

Potash 

(K.,0). 

Loss 
on igni- 
tion.® 

Water 

(HsO) 

below 

IHP. 

Tita- 

nium 

oxide 

(TiQs). 

Sul- 

phur. 

Total 

fluxes. 

<n. 00 

04. H 

19.71 
^*20.96 i 

3.48 

1^8.70 

0.34 

’•0. 30 

0.07 i 
I »»0.07 ! 

0.23 
A 0.24 

0.01 

M).or> 

8.18 

i>8.70 

0.97 

»• O.QO 

1 0. 95 

'■'i.m 


4. 73 

i>5.02 



“ Mostly water above 110®. Recalculated free from water below 110®. 

Physical properties. 



Tensile strength. 

Shrinkage (per cent). 

Color. 

Water 
added to 
give a 
workable 
paste 
(per cent 
total 
weight). 

Air dried. 3 de- 
terminations 
averaged. 

Burned, 4 de- 
terminations 
averaged. 


Fire, 
at cone 
No. 9. 



Burned with 
free access 
of air. 

Ivilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air, , 

Total. 

Air dried. 

22.4' 

3,47 

49.3 

9.07 

129 

4.7 

4-0.4 

; 4.3 

''Light gray 

Light gray. 
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The iron content of this sample is so large that the clay could not be 
expected to yield a white product^ but its physical properties^, pariicnlarly 
its plasticity^ tensile strength and slirinkage are such as to rnakii it use, fill, 
in the maniifactnre of colored wares. The clay docs not crack in burn- 
ing. In the future these deposits will i 3 rol)al)ly bo valiiabh^ Init iho 
outcrop indicates that the supply at present would bo quite litn.iixHl 
without a laborious and expensive system of troughs and tanks. Bucdi 
operations would not pay except on a clay ol! tlio Ivighcst cjualliy. A 
limited amount of this clay could probably be mined and especially 
because of its low shrinkage would be UvSed to recompose other clays 
which ill some ways have more desirable physical properties. 

MAJAYJAY. 

The deposit at Majayjay is on Mangnlila Creek al)out dO or 40 meters 
from its mouth where it empties into tlie Dalaiiuan lliver at an aliitudo 
of 180 meters. It is 300 or 400 meters above fchc point at which the 
Majayjay-Lueban trail crosses the Dalatiuan gorge. Tliere is a largo 
amount of clay in sight. On the left side' of Mangulihi Crock the clay is 
exposed in a bank 15 or 20 meters long and a])out 4 meters Irigh. This 
material is probably of sedimentary origin. I removed llic surface and 
thoroughly investigated the clay. It is very unifonn in quality and 
plasticity; free from grit and bluish in color when wet. The exposed 
surface is yellowish; unquestionably because of tlio fixation as oxide of 
the large amount of iron which the clay contains. The deposit appears 
to extend under the stream and outcrops on the right bank in a much 
whiter condition; but under large boulders. Samples of the deposit were 
carefully taken on both sides of the river and investigated in the labo- 
ratory. The two were found to be almost iclonlical in their general 
chai'acteristics. The data and results are as follows: 


Chemical analysis of the clay from ike Icfl hank* 
[Figures give percentages.] 


Silica 

(S!0,). 

Alu- 

mina 

(AlaOa) 

I 

Fluxes, 

Loss 
on igni- 
tion.» 

Water 

(mo) 

below 

110°. 

Tlto- 

nium 

oxide 

(a?io,). 

Sul- 

phur. 

M'anga- 

noRO 

oxide 

(MnO). 

Total 
iron 
given 
as ■ 
'ferric 
oxide 
{Fe^Og)^ 

nime 

(CaO). 

Mag- 

nesia 

(MgO). 

Soda 

(NaaO), 

Potash 

(K^O). 

^42. 16 

;,'2S.41 i 
^30.3 : 

\ 10.27 
'»10.94 

0.86:' 
to, 37 i 

0.38 

i>0.35 

0y difer^ce*) 
0.17 
to.i3 

13.62 

feM.60 

'0,25' 

^0,00 

1.05 

;n.l 2 , 


traOe. 

trace. 


« Mostly water above 110®. ^ Reealculated free water below 110®. 
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Physical properties of the clay from the left hank. 


Water 
added to 
give a 
worka,blo 
Xjastc 
(per cent 
iotal 
weight). 


37.0 


Tensile strength. 


Air dried. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

1.9 

=^27 


Burned. 


Kilos 

per 

square 

centi- 

meter. 


Pounds] 

per 

square 

inch. 


Shrinkage (per cent). 


Air. 

Fire. 

8.65 

17.5 


Total. 


20.15 


Color, 


Air dried. 


Yellowish-gray. — 


Burned. 


Bed. 


8 of the 9 briquettes were so badly cracked that they were not usable. 
Cracks open in all directions and the briquettes warp badly. 

Physical properties of the clay from the right hank. 


Water 
added to 
give a 
workable 
paste 
(per cent 
total 
weight). 

Tensile strength. 

Shrinkage (per cent). 

Color. 

Air dried, 2 de- 
terminations 
averaged. 

Burned. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

Fire. 

Total. 

Air dried. 

Burned with 
free access 
of air. 

80.0 

1.55 

22 

none. 

“none. 

8.5 

14,8 

23.8 

Gray 

Red. 


" Cracks open in all directions and the briquettes warp badly. 

The red color of the burned product and the abnormally great fire 
sliriiikage indicate that this clay is worthless for the rnaniifactiire of fired 
products, furthermore the product cracks badly upon air drying. 

BOTOOAN, 

There is a peculiar ridge of red clay which is said to extend nearly 
all the way from Lncban to Pagsanjan. As it exists in such large 
quantities I thought it might be o£ commercial value and a small sample 
was taken about a hundred meters south of the barrio of Baquio, Its 
analysis and physical properties are as follows : 

Chemical analysis, 

[Figures give percentages.] 


silica 

(SiOs). 

Alu- 

mina 

(AlaOa). 

Fluxes. 

Loss on 
igni- 
tion.“ 

Water 

(HsO) 

below 

110°. 

Tita- 

nium 

oxide. 

(TiOs). 

Manga- 
nese 
, oxide 
(MnO). 

Total 
iron giv- 
en as fer- 
ric oxide 

(FcaOit). 

Xiime 

(CaO). 

Magne- 

sia 

(MgO). 

Soda 

(NaaO). 

Potash 

(KsO). 

34.50 

I 

,28.78 

1177 

0.00 

4.0.00 

0.16 

‘>0.18 

small. 

small. 

1 1 

18.02 

‘>14.47 

10.09 

‘>0.00 

' 1 . 17 
‘>1.80 

0, 06 
‘>0. 07 


** Mostly water aboVeTXO*, ' ^ Recalculated free from water below 110®,' 
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Physical properties. 


Water 
added to 
give a 
workable 
paste 
(per cent 
total 
weight). 

Tensile strength. 

Shrinkage (per cent). 


Color. 

Air dried. 

Burned. 






Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

Fire. 

Total. 

Air dried. 

Burned with free 
access of air. 

j 36.4 

>0. 15 

>2.2 



14.0 

17.5 

31. 5 

Park red .. 

Very dark red. 





, 


This day on burning giyes a very denser hard body and a good paving 
bridv might possibly be manufactured from, it by rccoinpOvSing it to 
increase its tensile strength and overcome its cracking in the air. 


MOirNT MAQUILIISTG REGION. 

The clays of this region are the only true kaolins that I have seen, 
in Laguna Province. The knowledge of their existence dates back to 
Spanish times^ but their extent is not known. The outcrops in alJ of 
these deposits have been very much worked over and in such a manner that 
it is not easy to obtain very many particulars concerning them. Tiie 
laboi’er digs a hole through the overburden just large enough to admit 
his body ; when he reaches the kaolin he burrows it out in every direction 
as far as he can without danger to himself. "Wlien he has exhausted one 
hole he goes a little farther and digs another. Sometimes the strippings 
from the second hole have been thrown into the first and even when this 
has not been done, since the deposits are in all cases on the mountain side, 
slides and washes have filled all the old workings and it is impossible to 
estimate either the amount of overburden or the extent of the deposits. 
Only systematic boring or the uncovering of a large area can detennino 
, this. 

COB BANOS. 

ddiis deposit is 6 or 8 kilometers from the lake, soutlieast o,E .Los Banos 
on the mountain side above Bagong Bola Greek, This m the only 
deposit known to the natives and is reached by a very poor trail. The 
high^t point on the trail is about 370 meters, wliile the deposits are 
about 350 meters above sea level. The natives say that no clay has been 
taken from this point since Spanisli times. One man informed me that he 
formerly made excavations here and that many of the pits were dug to a 
depth, of five meters. There axe scores, of holes partially or almost 
completely filled by wash ; their existence indicates that the deposit extends 
, over a eop.sidetehle;,;atea- -Tn 'several places'There'^ airO; appearances of an, 
outcrop, but closer examination shows them to, be; only excavated mate* 
rial cast aside by the miners and pyoves that no superficial examination 
can possibly reveal inueh regarding the thickness or extent of the deposit. 

I opened up two of the old ^hioh I thought perhaps representa- 
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tive. 1 excavated one to a depth of over two meters and then bored 
on a slant in two directions with a post-hole anger for 1^- meters more. 
On one side the material was gritty and only partially weathered, 
while on the otlier a very good, uniform, sample of kaolin was obtained. 
Idle latter was investigated in the laboratory witli the following results : 

Chemical analysis. 

[Figures give percentages.] 


Silica 

(SiO.). 

Alu- 

mina 

(AI2O3) 

Fluxes. 

Loss on 
igni- 
tion. a 

Water 

(H2O) 

bellow 

110°. 

Tita- 

nium 

oxide 

(TiOs) 

Manga- 

nese 

oxide 

(MnO). 

1 

Total 

fluxes. 

Total 

iron 

givenas 

ferric 

oxide 

(Fe^Oa) 

Lime 

(CaO). 

Magnc- 

nesia 

(MgO). 

Soda 

(NaoO). 

Potash 

(KoO). 

49. 42 

b52. 45 

30.45 

*>32.3 

1.61 i 

^ 17.1 

0.00 

bO.OO 

0.21 

0. 22 

0.07 

i>0.07 

0.09 

*>0.10 ! 

11.72 : 

»> 12. 43 

6. 86 

^0,00 

1.11 

M.18 

trace. 

^ trace. 

1.98 

b2.10 


“ Mostly water above 110'’. ^ Recalculated free from water below 110®. 


Physical properties. 


Water 

added 

Tensile strength. 

Shrinkage (per cent). 

Color, 

to give 
a work- 
able 

Air dried. 

Burned.* 






paste 

{per 

cent 

total 

weight) 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

Fire at 
cone 
No. 9. 

Total. 

Air dried. 

Burned with free 
acce.sa of air. 

38.6 

1.56 

22.2 

4. 22 

60 

5.2 

6.3 

11.5 

Creamy white | 

Light creamy 
white. 


“ Does not crackle. 


Idle otlier pit excavated to a depth of a meter and then bored on a 
slant in one direction yielded cpiite a different sample. This contained 
a small amount of pyrites and when moist was of a bluish tint. The 
natives say that material of this quality formerly overlay the whole 
deposit of white clay, ddie laboratory data and results on this sample 
are as follows : 

Chemical analysis. 

[Figures give percentages.] 




Fluxes. 



, Tita- 
nium 
oxide 
(TiOs) 

Silica 

(SiOs). 

Alumina 
; (ALO«). 

Total 

iron 

given as 
ferric 
oxide 
(FesOif). 

Lime 
. (OaO), 

Mag- 
nesia , 
(MgO). 

Soda 

(Ka«0). 

i 

Potash 

(K^O). 

Loss on 
igni- 
tion.* 

Water 

(HfiO) 

below 

11€P. 

' 43.83' 
’>45,0 

81.86 

’>82.7 

5.86 

’>6.08 

0.14. 

’>0.15. 

0.11 

’>o.n 

small 
’> small 

small. 

’> small. 

15.04 

i>16.44 

2.71 

’>0.00 

0.80 

’>0.82 


a Mostly water abov^. 110®. ^ Recalculated , free from water' below; 110.® 
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Physical properties. 


Water 

added 

Tensile strength. 

Shrinkage (percent). 

Col( 

to give 
a work- 
able 

Air dried. 

Burned. 

_ . . 





paste 
(per 
cent 
total 
weight) . 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

pier 

square 

inch. 

Kilo.s 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air, 

Fire. 

Total. 

Air dried. 

33.7 

j 



8.44 

120. 

4.05 

4.25 

8.9 

Light grayisli- 







white. 


Hum (Ml with 
i’rco a(‘(M,.‘.s.s 
(h' air, 


Blnisli-wliitc. 


« Crackles considerably. 


These three samples taken together may indieatc that the lualeriiil 
is still in the process of formation and that fonnerly only the pockclvS 
of the best clay were sought and worked out. Boilt the ch(mnt*al and 
physical characteristics of these two samples indicate them to he siii liable 
for use in the manufacture of a good class of pottery, but probalily a 
large amount of sorting would be necessary in the mining ol: 11 hj clay. 

CALAMBA. 

Two kaolin deposits are known in the region of Oalarnha; one in tlui 
Pajo Canon and the other below Point Alipasio, overlooking the Santo 
Tomas Eoad. 

A pony trail on the right side, of tlie canon leads to tlio former; it ivS 
steep in places but fairly passable in the dry season, '^riiis deposit is about 
two or three kilometers from the lake and at an alliitudo of about 200 
meters. There are outcrops on both sides of the canoiy, but like those 
of Los BahoS;, they have been distuibed until deiinitc information 
x’-egarding them is difficult to obtain. The natives say that on tlu} riglit 
side of the canon the clay is the whitest that has ever been found, 1 
made several borings at spots indicated by men familiar with the cl( 3 posii. 
Some saxnples were white, streaked with l>kck, perhaps vegetable matter, 
but one was uniformly white. , Since it is claimed that the latter was 
not an unusual pocket I have studied the sample in the lalioraiory, 
obtaining the following data and results : 


Chemical analysis, 

C Figures give percentages.] 




Fluxes. 





silica 

(SlOs). 

Alu- 

mina 

(AljOs). 

Total 

iron 

given as 
ferric 
oxide 
(F^O®). 

Xiime 

(CaO). 

Magne- 

nesia 

(MgO). 

Sofla 

(NajO). 

Potash 

C%0). 

Loss on 
Igni- 
tion,®' 

Water 

(HgO) 

below 

IKP. 

Tita- 

nium 

oxide 

mo,). 

Total 

fluxes 


28.77 1 

o.p 
^0,91 ' 

0.18 

»0.l9 

0.0^ 

0.08 

^0.08 

0.09 ! 
^0,09 

11.59 

2.42 

^0.00 

0.91 i 
^0.9S 

X.27 

'*1.20 


_ ^ ^ ^ ^ l&geailctiJated frc’e frem water below 

, ■! 5 It J' 1 V i i " 
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Ph 1JS ica I properties. 


Water 
added 
to give 
a work- 
al)le 
paste 
(per 
<‘(‘nt 
total 
weight) . 



Tensile strength. 

Shrinkage (percent). 

Color. 

Air dried. 

Burned.* 






Kilos 

per 

square 

eenti- 

nieter. 

Pounds 

per 

squn,re 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

Fire, at 
cone 
No. 9. 

Total. 

Air dried. 

Burned with 
free access 
of air. 

2. 71 



3s. n 

3.5 

50 

3. 06 

7.04 

10.7 

Light cream. 

Light creamy- 
white. 


Burns excellently. 


Tlie deposits were being worked on tlie other side of the Pajo River 
at the time of my visit; the product is sacked and carried on the backs 
of natives or ponies to the barrio of Bnkal on the lake shore where it is 
made into lialls and sliipped to Manila. The material as minefl is more 
or less streaked with red, but when the less plastic lumps are discarded 
and when maeei’ated it works n\) to a light cream and is bought by 
the (Jbinese of Binondo, who make of it a sort of whitewash wliich is 
said to ])e better than the whiter ]>rodiict above mentioned, perhaps 
because of its gn^ater tensile strengtli. (kntain of the physical proper- 
ties, especially the beliavior under lire, liave no significance when a 
material is used for covering walls. ''Phe open workings indicate a* 
consideralfie amount of this class of clay. Two of the pits were sampled, 
hdie lowest opening on tli(‘ mountain side was carefully cleaned out to 
a deptli ot' at least two meters and then I took an average sample of 
the material, which, I removed from a meter bore-hole in the bottom. 
TJie clay from this pit was accepted by the natives without sorting. 

Tile data and r(‘sulis of the laboratory tests of the sample are as 
follows: 

Cheniiral (mal}(sis. 
f Figures give percentages.] 






Fluxes. 







Silica 

(BiOa). 

Ahi- 

mina 

(A1..0;,). 

i 

1 

Total 

iron 

given as 
ferric 
oxide 
(Fe.O«). 

Lii,tte 

(CaO). 

Magne- 

nesia 

(MgU). 

Soda. 

(NaoO). 

Pobish 

(KoO). 

Loss on 
igni- 
tion, a 

i 

Water 

u-up 

below 

110°. 

Tita- 
, nium 
oxide 

(TiOii). 

Tohil 

fluxes. 

42.23 

37.32 

1.41 

0.23 

0.07 

0.11 

0.35 

i ' 

15. 84 

1.92 

1.00 

2.17 

>'43.1 

>',38.05 

1^1.44 

i»0.2S 

faO.07 

>•0.11 

36 

>»16.14 

»0.00 

n ,02 

»2.21 


’^Mostly water above 13 0°. Recalculated free from water below 110.° 
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Physical properties. 


Water 
added 
to give 
a work- 
able 
paste 
(per 
! cent 

1 total 
weight). 

1 

Tensile strength. 

Shrinkage (per cent). 

Color. 

Air dried, 4 de- 
terminations 
averaged. 

Burned,'^ 3 de- 
terminations 
averaged. 


Fire at 
cone 
No. 9. 



Burned with 
free ac<H\s.s 
of air. 

I 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

Total. 

Air dricid. 

25.4 

i 

3.78 

53.8 

4.00 

57 

3.06 

11.1 

r-t 

Creamy- white. 

Rose-cream. 


Crackles to a certain extent. 


Another and larger opening about ten meters from this and about 
three or four meters higher was also sampled. This pit had been bur- 
rowed out in every direction to a depth of 2 meters. I excavated a third 
meter and bored still a fourth to obtain my sample. It was an average 
of the run of the deposit and showed more red streaks than tlie former 
sample and had an extremely mottled appearance. In tins pit the natives 
sorted and discarded the less plastic lumps. The tensile strength of my 
sample will be seen to be lower than that obtained from the other pit, but 
it is believed that the clay removed by the carriers was of about the 
same quality. 

The data and results of the laboratory tests are as follows: 

Ghemical analysis. 


[Figures give percentages.] 




Fluxes. 




Silica 

(SiO,). 

Alumina 

(AUOa). 

Total 
iron 
given 
as ferric 
oxide 
(FeaOa), 

Lime 

(CaO). 

Mag- 

nesia 

(MgO). 

Hoda 

(mhiO). 

Potash 

(K,0). 

Loss 
on igni- 
tion. « 

Water 

m 

Tita- 

nium 

oxide 

(TiOy), 

1 

43.28 

i»'4S.7 

, 87.85 

3.39 

n.i 

0.08 
I’O. 08 

0.04 

bO.04 

1 

II i 

small. 

, small. 

14, 2 
’^14,8 i 

0.89 

i‘0.00 

1 1.25 

' n,25 


‘Mostly water above 110®. Recalculated free from water below 110®. 
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Physical properties. 


Water 
added 
to give 
a work- 
able 
paste 
(per cent 
total 
weight). 

Tensile strength. 

Shrinkage (per cent). 

Color. 

Air dried, 3 de- 
terminations 
averaged. 

Burned.^ 

Air. 

Fire 
at cone 
No. 9. 

Total. 

Air dried. 

Burned with 
free acceKs 
of air. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

26.6 

1.64 

23.3 

2.95 

42 

1.6 

! 9.6 

! 

11.2 

Cream— 

Pale lilac. 


“ Crackles to a certain extent. 


Some of the natives state that they have made excavations as deep as 
four meters^ but although they worked regularly in these deposits they 
sho\ved such timidity about entering the pits that I doubt if they often 
go deeper than the holes which were open during niy visit. 

The information gained from the chemical and physical tests of this 
deposit indicate the usefulness of this material for making certain grades 
of pottery. 

The deposit below Point Alipasio in the region of Calaniba is at an 
altitude of 210 meters and has apparently been very little., if ever, worked. 
It is on the dry side of the mountain and the 'weathering has taken place 
very much more slowly ; moreover the deposit is quite hot and the heat 
soon dries out the water which is perhaps the chief desintcgrating factor 
in a tropical country, this prevents further ‘action. In some places the 
basal rock is scarcely decomposed at all, others there is a thin layer 
of completely weathered, grayish cday, while in still others there are 
pockets probably of no great extent, of a good quality of kaolin. 

One of tliese at the base of the deposit was sampled and investigated 
in the laboratory. The data and results arc as follows : 


Chemical analysis. 
[Figures give percentages.] 






Fluxes. 







Silica 

(SiOs). 

Alu- 

mina 

(AlaOs). 

Total 

iron 

given as 
oxide 
ferric 
(PesO,,). 

Lime 

(CaO). 

Mag- 

nesia 

(MgO). 

Soda 

(NagO). 

Potash 

(KoO). 

Loss on 
igni- 
tion.® 

Water 

(HgO) 

below 

110“. 

Tita- 

nium 

oxide 

(TiO.). 

Total 

fluxes. 

! 

j 

43. 16 
y48. 77 

38.64 
i>39. 20 

1.19 

^1.20 

0. 09 

^0.09 

0.14 

bO.14 

0.08 
'»0.08 ; 

0.02 

'»0.02 

14.55 

n4.75 

1.42 

^0.00 

1.54 

b1.56 

1 1.52 

i ’>1.53 

i 


* Mostly water above 110*. Recalculated free from water below 110*. 




Physical properties. 



Tensile .strength. 

Shrinkage (percent). 

Color. 

Water 
added 
to give 
a work- 
able 

Air dried, (> de- 
tenninaiions 
averaged. 

Hnrned.a 





M urn (Ml with 
rr(M' a,ee{»ss 
of air. 

paste 
(per cent 
total 
weight). 

Kilos 
per 
square 
oen ti- 
me ter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Air. 

1 

Fire. 

■Total. 

J 

Air dried. 

1 34. 9 

1.81 

25. 8 

1.9 

27.3 

(5.1 

13.3 

19.4 

lUnish-white 

(bMMun. 


Crackles badly. 


The physical pro]){^rties of the f 3 jra;yis]i clay are as fol loves: 


Water 
added 
to give 
a work- 
able paste 
(per cent 
total 
weight). 

Tensile strength. 

Shrinkage (percent). 

Color. 

Air dried. 

Burned, a 






KilOvS 

per 

.square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Kilos 

per 

square 

centi- 

meter. 

Pounds 

per 

square 

inch. 

Ain , 

Firi^ 
at corKi 
No. 9. 

Total. 

Air dn<‘d. 

Burned with 
f !’(}() atjc.ess 
of air. 

' 33. 4 

i 

1.75 

i 

24. 9 

2. 39 

84 

4.(>5 

14.2 

1 

18. 85 

1 

Grayish- whiter , 

(h’cam. 


Crackles badly. 


Still another very liglit-gray sample was taken at a distance of dO or 
40 inetei's. Three determinations gave its tensile strength as 2A kilo- 
grams per square centimeter (34,2 pounds per vsquan^ irah) and its air 
shrinkage as 2.-1 per cent. 

At some future time the disintegration of this diqiosil will Imve 
produced a sufficient (juantily of eday to justify its us(‘ for the* manu- 
facture of pottery. 

There is a Japanese in bos Banos who is suei'et^sfully molding various 
kinds of small objects from (hilamba clay. He has veuy primilivu^ ap- 
pliances and his products are all xmclerburmub but Ins work indi<*at(^s 
that with proper handling, satisfactory results probably could be obtained 
with this clay. 

The indications are tliat all of the high grade clays of Laguna Prov- 
ince are more or less mixed with clay of poorer quality. It is a question 
what percentage of the mixture is useful and whether the expense of 
sorting will not be so great that it can not compete with kaolin from 
otbor sources. 



ILLUSTRATION. 

Facing page — 

^I*a,p of Laguna do Bay showing the regions from wliich the clay was taken.. o77 
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VOLCANIC TUFF AS A CONSTRUCTION AND A 
CEMENT MATERIAL. 


By Alvin J. C^ox. 

(Fron) the Lahortory of Inorganic and Physical Ghetnistry, Bureau of Science, 

Manila, P. I.) 


Ill the Philippines the varieties of stone which are known to be good 
for building and construction purposes are not very numerous. Moreover 
it is unfortunate that those that exist are not conveniently located for use. 
Since the first cost is the controlling factor in the purchase of materials 
for construction, a very poor substitute must often be used. 

The metaniorphic and igneous rocks^ capable of resisting heavy strains 
and weathering, which have been noted on many of the Islands of the 
Philippines by the early explorers/ and by Becker/ McCaskey and Ickis/ 
Eveland/ Smith/ Ferguson ^ and others of recent time,, embrace : 

A. Metamorphic : 

Brewnas, ^Tieisses, schists and serpentines. 

^ Meyen and, Itier, J. : Keise um die Erde (1835), 2, *237*, Itier, J.: Bull. Soc. 
gcog. Paris, 3d. (1845), 5, 365 ct seq.; Roth, J.: F. Jagor’s Reisen in den 
Philippinen, Berlin (1873), 344; Centeno, Jose: Memoria geologieo-minera de 
las Islas Pilipinas, Madrid (1870), 19; Von Drasche, K. : Pragmente zu einer 
Geologie der Jnzel Luzon, Vienna (1878), 20 et seq.; Oebbeke: Irenes Jahrhuch, 
Beilage (1881), 1, 495-8; Renarcl, A. P.: In the Report of the Exploring Voyage 
of ir. M'. 8. Challenger, London (1889), 2, Pt. 4, 160-175; Abella, Enrique : El 
Maydn, Madrid (1885); El raonte Maquiliu, Madrid (1885); La Isk de Biliran, 
Madrid (1885) ; Rdpida descripeion dsiea, geoldgica y minera <le la Isla de Cebu 
(1886), 96-101; Descripeion fisica, geolOgica j minera en bosquejo de la Ula de 
Panay, Manila (1890), 97 el scq.; Manantialcs minerales de Pilipinas, Manila 
(1893), 10, 18, 31, 75, 144, etc.; Terremotos experimentados en la Isla de Luzon, 
etc., Manila (1893), 32 et seq. ; etc. Dr. Becker gives a bibliography of the 
early lawks and papers on Philippine Geology, U. S. G. S. 21st Ann. Rep. (1902), 
594.* 

Becker, G. P.: loc. cit.,;56L 

» McCaskey, H. D. and Ickis, H. M. : Sixth Ann. Report of the Mining Bureau, 
Manila (1905), 57. 

^Eveland, A. J.: Bull. Min, Bw.,, Manila (1905), 4. 

»» Smith, W. D.: Ihul, 5; This Journal (1906), 1, 203, 617, 1043; Ihul, Sea. 
A., 2, 145, 253. 

*"Perguson, IL G.: This Journal, Sec. A. (1907), 2, 407. 

' , ; , , ' 391" 
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B. Deep seated igiaeous: 

Diabases, diorites, gabbros, granites, quartz porpliyry (dike rock), peridot 
pyroxeiiites, tonalite., and syenites. 

C. Yolcanic: 

Andesites, basalts, rhyolites, daeites and traebyit's. 

Some of these at'e merely emimerationv^, for no iniorosc'opit' er sjuadal 
study of them has beeti jmide. On the oilier hand it is jirohabh' dial lln' 
known cpiantiiies are but a small proportion of those iluil sad u, ally (wisi: 
because of the meager exposures in ilie imnintains and niviiu's, many 
outcrops being entirely obliterated by covers of soil and la^avy Iropic-al 
vegetation, and because certain districts have not yet bc^en e\plore<L 

It would be out of place here to discuss the disirihutiou of ibese rocks. 
However, it might be mentioned that the diorites and the andesites 
of the second and third classes, respectively, are tlie most goma'nily 
distributed. The former occur very extensively in the (lord i Hera and 
the latter in the Marivelcs district, which forms the northern headland 
of Manila Bay. The latter district is now being extensively mined, by ihc* 
Atlantic, Gulf and Pacific Company for use in (lonuoctiou wiili the 
sewer construction in Manila. 

Limestone occurs widely distributed practically througlmnt all the 
Islands, 

Goodman^ reports limestone at Duinalag and Pilar, Province of (Ijipiz, “appear- 
ing especially compact and seemingly fit for a building stone. In fact the. t*bm‘t‘1i 
at Dumalag, which was erected in 1873, as well as other buildings in, the town 
are constructed of this material. I noticed, however, that some of tlie blocks 
in the church showed marked effects of weathering. Although fairly (Compact, 
I do not believe that the Dumalag limcvstoue is any more so than that whicli 
may be quarried near ,Binangonan on Laguna de Bay, tliis latter having th<^ 
further advantage of being much nearer to Manila and to tide watcu*.” 

Mr. Goodman also reports with regard to tonalite that: ‘At the fool; of Motini 
Anjaoan, which is just off the main road and about a quarter of a mile southwest 
of Oolasi, is a massive outcrop of the tonalite which Aladla roport»s as ocjciirring 
in this neighborhood. At Mount Dehiea, a low hill about one hundred feet high 
and about oire and a quarter miles west of Anjaoan, the takes <m a grayer 

color, but in texture and mineral composition remains the same, ffbo same rmA 
occurs again at Mount Jilonoc which is about the same height as Mourd Beluea 
and about one and a half miles west of ii. Outcrops of tonalite are encountered 
In various other places along tlie road between Chilasi and the barrio of Han 
lernando, and there in but little doubt that piaetieally the same formation 
continues foi at least three miles east of Anjaoan. A thick giowih of cogon 
covers these hills so as to expose but comparatively small surfaces of the rock 
in place, and these all appear massive, no systematic jointing being oliservable. 
The stone is uniform and close grained, compact and hard, takes a good polish 
and seems well adapted for use in heavy construction. It is well located too with 
a view to quarrying and transportation* The harbor at Colasi, however, did not 
strike me as nearly so perfect a one as I had expected and hoped to Mil ltd’ 

^ Ah dhphhlMied report made to the Ohi(ef of the Division of Mines, Bureau of 
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III addition to the rocks mentioned above, volcanic sediments and 
p 3 i’oe]astic tuifs occur quite widely distributed in the Pliilippines. They 
are especially abundant in west central Luzon, extendiag almost mi- 
brokenly from near Lingayen Gulf to tlie seacoast of Batangas, practically 
blanketing or (covering nearly all of the massive rocks of this region. 
Ml*. Ickis found volcanic tulf in the Agusan-Pulangui region, interior 
from Gagayaig Misainis. 

In the absence of a better stone, in certain places this has been used 
extensively for building purposes. In Bnlacan and along the Pasig 
Biver, especially near Guadalupe, tliis stone is unusually abundant. 
Large quantities of it have been quarried and used in the construction 
of many churches and other buildings and in the walls and fortresses of 
Manila. It is very workable. Before it is disturbed it is so soft that it 
can be quarried with an axe, but it liardens rapidly on exposure. 

Since American occupation the competition of brick and other nianu- 
faetiired products in Manila has encroached upon the general use of 
volcanic tirff, nevertheless a large quantity still -finds a market. Owing 
to the extended use of this stone I have made' a few experiments to show 
its real value. The most important laboratory tests which aid one to 
form an opinion as to the value of a stone are the microscopical, physical, 
and chemical examinations. Such tests are given below : 

MlOliOSCOmCAL UXAMUSTATIOX. 

A microscopic examination of the tutf in the vicinity of Manila shows 
it to be composed of (1) plagioclase, both decomposed and undecom- 
posed. There seem to be two generations of feldspar; tlie one rounded 
and largely decomposed, the other rather angular and in appearance as 
if it bad come from a greater distance, (2) magnetite, (3) hornblende, 
(4) ({uartz grains, (5) the cementing material, which is probably in 
grea/ier part volcanic asly, is largely composed of oxide of iron. It might 
also be mentioned that a certain amount of pumice is nearly always to 
he found in this tuff. It is undoubtedly andesitic tn'lT. Silica is the 
strongest and most desirable bonding material I'lecause it is insoluble, 
free from cleavage and has the same coefficient of expansion as the sand 
grains which it holds together ; however, iron oxides iiiake a fair bomb 
The latter are more desirable as a cementing material tlian ealcite which 
is soluble, has very pronounced cleavage, and has a different coefficient 
of expansion from that of the mineral grains which it holds 'together, or 
than clayey matter which is liable to disintegrate. 

PHTSICAU EXAIIIHATION. 

The cnishmg strength of a few samples of tuff has been cleterminecl 
The object of such tests in stone , is to discover the relation between the 
^nmshing strength and the stress , to 'which, it • would be subjected in a Ivigli 
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wall. It is difficult to say what is the effect of lone eonlimiod i>ressure 
upon a stone under this condition, but the majority of a.rehiteels e.stiiiuiio 
that ten or twenty times the .strength to which ii. is aei iialiy s\il)j(H'‘te(l is 
required. The data are as follows: 

Table T. — Grushhuf strctuflh of andesitic luff froin near id an i hi. 


Hoiirce. 


Manila, quarry unknown. 

Guadalupe quarry 

Baliuag 

Majayjay, Laguna quarry 
Do.» — 


Nnniber 
ol deter- 
mina- 
tions 
made. 

Average 
area oi' 
bearing 
snrfai'c. 

<> 

Sq. <m. 
73. 3 

4 

93.5 

7 

M. 

2 





Ultimate HtrengUv per 
stpiare ('ontiimqer. 



~ ^ 

... „ 

Maxi- 

mum. 

Mini- 

ninru. 

Aver- 

age. 

Kihm. 

Kilon. 

Kilon. 

101 1 

H5 1 

93 

42 

30 

89. 3 

205 

110 

151 

194 

100 

LSI 

157 

in 

149 


« An old stone which had been used many years in a building, 
of decay. 


It showed marked aigii 


Using tlie average value given for the Majayjay quarry fitone aiuJ tlio 
weight for the wet stone as 1;,655 kilograms per square meter (given, on 
p. 399) it can be computed that a wall 110 m<3(;crs high would l)t‘ 
required to equal the compression strength of the stone. Using the 
safety factor 10^ this would be suitable for tlie erection of structures 
eleven meters high. 

Much of the stone from the Meycauayan quarries. Province of Bulacan, 
which supply stone to Manila is of this class and is fairly duralde. The 
stone fomerly quarried in Guadalupe seems to be belter than iliat which 
is now being taken out. Probably many of the best quarries there ainl 
possibly elsewhere have been lost sight of, for recently (juantity ratluu* 
than quality has been sought, I e., no attention lias lieen paid to' sys- 
tematic testing and that stone which was most ac'cessible fms lieen 
worked regardless of its grade. 

Eondelefs rule that tlie resistance of , a stone to crushing is only Ihrei^ 
times that offered to traction does not hold for volcanic tuff. 

The; iendle strength of. a stone is its ability to withstand a pulling 
stress. ' This has been determined for several samples. ^ Tliese determina- 
tions were made by cutting blocks of the, stone of the ordinaiy siz^e and 
shape of a cement briquette and breaking them in a standard machine, 
The rate of the shot in all of these tests was 183 kilos per minute, that 
adopted by the United States Army in their specifications for cement. 

;,:;Thme samples of^stope which ,tb, my knowle^e'have been,^ quarried at' 
' least two years,;: taken ^ from' various sotrees; in Manila,; showed' the ,ioU 
lowing tensile or breaking strength ; : 
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Table 11.— Tensile strength of stone being used in Manila. 


Sam- 

Number 
of de- 
termi- 
nations 
made. 

Tensile strength per 
square centimeter. 

Tensile strength per 
square inch. f 

pie. 

Max- 

mum. 

Mini- 

mum. 

Aver- 

age. 

Maxi- 

mum. 

Mini- 

mum. 

! 

Aver- 

age. 



Kilos. 

Kilos. 

Kilos. 

1 Lbs. 

Lbs. 

Lbs. 

1 

7 

7.38 

4.85 

5.77 

105 

69 

82 

2 

4 

5. 70 

5.27 

5.48 

81' 

75 

78 

3 

2 

8.23 

4.04 

[ 6.40 

117 

66 

! 91 


A sample of stone taken from the Majayajay, Laguna quarry gave the 
following results: 


Table TTI. — Tensile strength of Ma jag jay slone. 


Number 
of de- 
termi- 
nations 
made. 

Tensile strength per 
square centimeter. 

Tensile strength per 
square inch. 

Max- 

Mini- 

Aver- 

Maxi- 

Mini- 

Aver- 1 

mum. 

mum. 

age. 

mum. 

mum. 

age. 

' 

1'" - 

Kilos. 

Kilos. 

Kilos. 

Lbs. 

Lbs. 

Lbs. 

3 

10. 05 

1 

6.61 

8.79 

143 

93 

i 

125 


The imnsverse strenglh of a stone is the ability to withstand a stress 
applied at right angles to the length of the block. Its determination is 
valuable in estimating the thickness of stone required when supported 
only at the ends or nnifonnly from end to end. The cracking of stone 
and brick walls or of single blocks is usually the result of transverse 
stress due to unecpial support throughout their length. 

The transverse strength of a number of samples was determined in 
the following manner. Samples having a cross section of approximately 
rLb by centimeters, and a length of 18 to ^0 centimeters were 
prepared; after air drying in my laboratory they were dried at 100® and 
finally lu'oken in a testing machine. 

Tlie modulus of rupture was computed from the following formula: 

R froiu whicli R=== — \V where 
3? 2bhr 

W=«mceixtrated load at center in kilograms 
/>=:breadth in centimeters 
depth in centimeters 
length in centimeters 

Rrzmodtilns of rupture in kilograms per square centimeter. 





Tlie reRiilts are as i'ollows: 


Table IV . — Transrerse strength. 


Source. 

No. of 
test. 

Length. 

Breadth. 

Height. 

Weight 
of load. 

Nodnius 
of rup- 
ture per 
square 
eenti- 



Cm. 

Cm. 

Cm. 

Kilos. 

Kilos. 


i 

15.24 

2.72 

2.89 

15. 64 

15. 74 


1 b 

15.24 

2.81 

2.97 

21.54 

19. 86 


I a 

15.24 

2.61 

2, 83 

18. 38 

20. 10 


1 b 

15. 24 

2. 77 

2. 84 

27. 68 

28. 32 


a 

15.24 

2. 75 

2.75 

12. 70 

13.96 


b 

15.24 

2. 78 

2. 85 

15. 44 

15.64 


e * 

15. 24 

2.61 

2.73 

12.24 

14. 38 


(I 

15.24 

2. 55 

2. 82 

13. 16 

14.84 



15. 24 

2 72 

2. 73 

10, 43 

11.76 





f 

15.24 

2 . 67 

2.63 

9. 30 

11.51 


g 

35.24 

2.77 

2.81 

10. 20 

10. 66 


h 

15.24 

2.72 

2.75 

11,33 

32. 59 


. i 

15. 24 

2.59 

2. 65 

9,52 

13.97 

flnadsilupe ijuarrv *• 

i 

15.24 

2.79 

2.67 

10.20 

11.72 


1 b 

15.24 

2.78 

2. 85 

10.44 

30.57 

Guadalupe qnarrv c . , 

i ‘ 

15.24 i 

2.78 : 

2.88 

9.75 

9.67 


1 b 

15.24 

2.74 

2.92 

10.88 

10, C5 

Baliuag quarry 

i a 

15.24 

2.76 

2.67 

18.10 

21.00 


\ b 

,15.24 

2,74 

2. 68 

17.20 

20.00 


a 

15.24 

2.68 

2.52 

19.96 

26.81 


b 

15.24 

2.60 

2.88 

32.66 

34.62 


c 

15.24 

2.62 

2.57 

24,95 

32.96 

Vajayjav, Laguna qiiarrv 

d 

15.24 

2. 63 

2.57 

20.43 

2<>. 89 


e 

15.24 

2.53 

2. 84 

19. 90 

22. 36 


f 

15.24 

2. 76 

2. 82 

32.00 

33.33 


g 

15.24 

2. 82 

2.86 

21.77 

21., 58 


1 h 

15.24 

2.67 

2. 72 

27.90 

32. 29 


a 

15.24 

2. 61 

2.68 

20. 87 

25.45 


b 

15.24 

2. 62 

2.83 

13.17 

34.35 

Majayjav, qnarrv unknown 

c 

15.24 

16.24 

2.63 

2.77 

2. 83 

2, 70 

33. 62 

24.06 

14. 78 

27.24 


d 


e 

15.24 

2. 66 

2.73 

26.31 

30,37 


i 

35.24 

2. 68 

2. 77 

24. 06 

26. 75 


1 g 

r>.2i 

2. 47 

2,78 

20. 43 

24,47 

“ An unused block taken from a 

pile on the bank of the Pasig River, It 

had been 


quarried some time. 

^ Kept in a tightly stoppered bottle so as to retaiii quarry moisture, dried immediately 
at 100° when opened. 

« Kept in a tightly stoppered bottle so as to retain quarry moisture. Not opened until 
ready to break. It was broken moist with quarry water. 

An old stone which had been used many years in a building. It showed marked signs 
ol decay. * 
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For purposes of comparison I have recalculated the results ® of some 
Wisconsin building stones which are given below : 


Table V . — Transverse strength of Wisconsin Ituilding stone. 
SANDSTONE. 


Source. 

Num- 
ber of 
sam- 
ples 
aver- 
aged. 

Length. 

Breadth. 

Height. 

Weight 
of load. 

Modulus 
of rup- 
ture per 
square 
centi- 
meter. 



Cm. 

Cm. 

Cm. 

Kilos, 

Kilos. 

Bubcock and Smith quarry 

0 

8.89 

2, 55 

2. 85 

57.8 

37.0 

Bass Island Brownstone Co. quarry ___ 

2 

8.89 

2. 45 

2.65 

49.4 

43.8 

0. and N. W. Ry. Co. quarry 

6 

10. 16 

2.58 

2.62 

83.0 

71.3 

Flag River brownstone qiiarrv 

2 

17.78 

2.78 

2.80 

25.6 

31.3 

Grover red sandstone quarry 

1 

7.62 

2.70 

2. 43 

35.8 

25.5 

Grover red sandstone quarry « 

1 

7. 62 

2. 45 

2.45 

13.6 

10.6 

Prentice Brownstone Co. quarry 

2 

12. 70 

2.72 

2.81 

41.3 

36.5 

LIMESTONE. 

Bridgeport quarry _ 

1 

15.24 

2.69 

2, 71 

71.2 

81.9 

Story Bros, quarry 

2 

le 5.24 

2. 41 

2. 76 

120.2 

149.7 

Marblehead L. and S. Co. quarry 

1 

15.24 

2, 73 

2. 73 

227.3 

255.4 

Menominee Falls Co. quarry _ 

1 

15,24 

2.77 

2.62 

185.5 

222.9 

Laurie Stone quarry 

1 

12.70 

2.66 

2.59 

307,5 

827. 6 

GRANITE. 

Montello Granite Co. quarry 

2 

10.16 

2.53 

2. 75 

335.2 

266.8 

New Hill O’Fair quarry 

2 

10. 16 

2. 67 

2.66 

232.2 

177.1 


a Sample was wet. 


The Bioclulus of nipture of the tuff is not high^ but it is not necessary 
that it slioiiltl be since it is not used as caps and sills in lieavy buildings. 
The necessity of liaving* a high modulus of rupture was obviated in the 
large buildings, for example the Guadalupe churchy by using stone of 
considerable thickness and by arching the doors and windows. 

DuraUIity . — The durability of a stone depends chiefly upon its aliility 
to withstand the mechanical, physical, and chemical conditions to which 
it is exposed. Tlie most important durability tests which aid in de- 
termining this ai'e the specific gravity and porosity. 

Specific gravUy.— The method employed was to weigh the sample in 
air and then to weigh it, completely saturated with water, in water at 

» Buckky, E. R,: Bull Wis. Geol d Nal Bis, Bur, (Econ, Br, 2) ( 1898) , 4, 396. 

75034 7 . 
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a deiinite temperature and finally to di\dde tlie weiglit in air ])y the 
diil'ereiice and correct for the difierence in the specific gravity of water 
at the given temperature. It is realized that complete saturation is 
difficult to attain^ ]jut I think tlie method used is satisfactory. A (nd)e 
of Guadalupe tut! was slowdy (several hours were required) immersed 
ill water and filially allowed to reniaui over night completely covered 
with w^'ater. The results have been computed in two ways^, firsts on llu^ 
basis of the sample air-dried in my laboratory for eight months (July to 
Marcli), and second^ on the basis of the sample absolutely freed fi'oin 
interstitial water by heating in an air-bath at 110° for ciglit hours. 
The sample retained only 0.7 per cent interstitial water after being air- 
dried for eight months. The specific gravities (watin* at T’ — 1 ) arci 
as f olloW' s : 

I. II. 

1.895 1.907 

Porodiy. — To obtain this factor,^ the Aveights of the dry and satii rated 
stone were used. The sample was saturated as described al)<)V(p the 
surface quickly dried by pressing in filter paper and the weight taken. 

The difference in the weights was multiplied by th(‘ spt‘cific gravity 
1.907 and the product added to the dry weight. The diiferenee of the 
dry and saturated w^eights multiplied by the specific gravity divid(Ml by 
the above sum gives the actual poi-e space. eom[)ared with Hu' volume of 
the sample tested^, as 28 per cent. 

Temperature changes . — The coefficient of expansion is a most iinpoitant 
factor in the disintegration of rocks in many places. Alieriuite freezing 
and thawing and extreme heat in case of conflagration are: the 6 m mo nest 
causes of disintegration in northern countjuos. Rocks often contain 
grains of widely different coeificients of expansion and witli change^ of 
temperature internal strain is produced winch aids in the desinud'.ion of 
the rock. A porous rock is somewhat able to aeeoinmodate iisidf io sucli 
a strain. This volcanic tuff^ as is true of all very jioi’ous stones, can not 
he used in a cold country because the absoidoed, water freezes and. bri^aking 
the bonds, causes the stone to crumble, but the uniform l:empcratin‘e of 
the Philippines favors the long life of a soft, porous stone. 

Water upon freezing at 0° and under one atmospliere pressure expands about 
oneminth of its volnine. If the water is not allowed to expand it must reTnain 

® Buckley, -loe. m>t., 69. 
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liquid. James Thomson calculated that the melting point of ice would be lowered 
by n 0.0075° for an increase of n atmospheres. W. Thomson'^ conlirnied this cal- 
culation wuthin a diU’ereiiee of 3 per cent by determining the melting point of ice at 
8.1 and 10.8 atmospheres. M. Mousson kept water liquid at — 5° by greatly 
increasing the pressure and found that at a pressure of about 13,000 atmospheres, 
ice melted at —18“ to — 20“. Calculated from the data of Thomson the value for 
— 20“ V'Ould be but 2,000 atmospheres, about one-fifth the value obtained by 
Mousson. Assuming the smallest value, it is evident that there is no stone strong 
enough to resist the strain produced by the freezing of any considerable quantity 
of water within its pores. 

In tlie Philippines the abundance of rain and the high hiiinidity of 
the air keeps the stone moist during the greater part of the time. The 
aetion of the water is markedly twofold^ as a solvent for mineral matter 
and as a solvent or carrier for the gases of the atmosphere. This tuff 
hardens rapidly after being exposed to the air and this change is nndonh- 
tedly hastened by the presence of moisture. Table III shows an increase 
of nearly 50 per cent in the tensile strength of Guadalupe stone which had 
]}een exposed for some time. Maja^gay stone winch had been exposed 
so long that it was comsiderably decayed^ still had a tensile strength about 
equal to that of the newly quarried stone. 

Guhic tveight. — The cubic weight of this stone as it is taken from the 
quarry depends upon its specific gravity^ porosity, and the water content. 
With uniform stone the only fluctuating quantity is the water content. 
Owing to the very large pore space and the heavy rains in the Philippine 
Islands we may expect this stone to absorb and give up water readily 
and its cubic weight to vary between the limits for the thoroughly 
air-dried sample and the saturated one, namely, 1,375 to 1,655 kilos 
per cubic meter (35.3 cubit feet). 

ddie rale at which this stone gives up its water in dry storage is also 
an important factor in its trans])or{:ation. 

Cii!)( 3S of different sizes were earefuliy saturated with water and 
suspended in tlie laboratory on a l-eentinieiers-:mesh wire net so that 
evaporation could take place equally from all surfaces. Tlie tests wei'e 
begun on March 23, 1908. The data and the results are as follows: 

Trans. Hoy. Boc. Edinburg (1840), 16, 575; Vamh. and Duhl. Math. J. (1850) 
5, 248; Am. d. Ohim. (1852), 35, 376. 

^^PMl Mag. (3), (1850), 37, 126. 

^^Pogg. Ann. (1858), 105, 172; Ann. (JUm. ct Pliys. (3), (1859), 56, 252. 
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Table VI . — The rate at loliieh tuff dries in. the air. 


Time of aeration. 

Period 

of 

aera- 

tion. 

Water referred to the dry stone in 
cubes of approximate! j'— 

Average 

temper- 

ature 

during 

period. 

A verage 
humid- 
ity 

during 

period. 

Rainfall 

during 

perio(i. 

2.5 cubic 
centi- 
meters. 

5 cubic 
centi- 
meters. 

10 cubic 
centi- 
meters. 

20 cubic 
centi- 
meters. 


Honrs. 

Per cent. 

Per cent. 

Per cent 

Per cent. 

0(7. 

iV'r re/U. 

•mm. 


0 

3.5 31 

3.5 07 

35. 52 

35. 85 




'hmiTR 

2i 

32. 05 

33. 60 

34.79 


31.6 

50. 5 

0 


4 

24 35 

30. 40 

32. 66 


32. 5 

49.7 

0 

221 hours 

16 

3.S9 

19.33 

28. 55 


24. 6 

78.2 

0 

2fi^ hmir.R 

4 

2. 79 

17. 73 



28. 1 

(54. 6 

0 

30-i- hours 

4 

2.39 

15.25 

26.73 

30. 97 

27.2 

75. 0 

6.1 

46i hours 

IG 

1.99 

9.23 

23. 40 

28. 75 

24.6 

88. 4 

0.5 

.^4-^ hours 

8 

1.64 

5.72 



29. 2 

65. (5 

0 

73 hours 

18^ 


2. 91 

16. 13 

25. 84 

24.1 

75. 2 

0 

94 hours .. 

21-^ 

1. 64 

1.92 

10. 58 


26. 5 


0 

107^ hours _ . . 

T3 


1.73 

8.64 

21.97 

27.7 

70.0 

0 

T20J hours . 

13 

1.64 

1.72 

7,17 


25. 1 

81. 1 

0 

Tfl9 hours 

f 24i 

1 


4.64 


f 27. 1 

75. 7 

0.1 


1 24 

J 




1 20. 0 

87.7 

58. 0 

216 hours 

47 



3.30 

12. 30 

26, 1 

74. 3 

0 

266 hours _ _ 

50 



2.54 

9.22 

27.1 

I ( »» 

65. 3 

0 

288^ hours .. 

22i 


1.68 

! 2.34 


27. 3 

68.8 

0 

336ihour.s 

48 



2. 16 

6.94 

27.1 

69. 4 

0 

398 hours . 

61i- 



1.95 

5. 70 

27. 9 

65, 2 

0 

450 hours ..- 

52 



1.92 

4. 59 

28. 8 

63. 6 

0 

495 houra 

45 



1.95 

4.04 

27. 5 

66, 6 

0 

545 hours 

50 




3. 56 

28.0 

65. 6 

0 

591 hours 

46 




S. 20 

27. 6 

66.3 

0 

710 hours 

119 




2. 59 

28. 3 

68. 3 

0 

769 hours 

59 




2. 30 

27.7 

61 . 4 

0 

1,000 hours 

231 




1.82 

28. 5 

66, 4 

0 

1,070 hours 

70 




1. HO 

27. 6 

77 (i 

38. 2 

1,382 hours 

312 



1.94 

1.75 

28.1 

4 f k U 

7W 0 

S.l *> 

After drying at 




» O, \l 


105otonoo and 









cooling in a des‘ 









iccator... 


0.00 

0.00 

0.00 
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The foregoing data may be expressed in curves as follows : 
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The irregularities in the curves can be directly accounted for by the 
variations in the humidity and the temperature of the air froTu day 
to day. The curves show this sample of tuf to be in equilibrium with 
the atmosphere when the latter contains about- l.To jxu* (huiI of ioov^'cly 
held water. All of this may be removed by (hying at a tciufxu'ai uia^ 
just above the boiling point of water, but the tuff qui(dvly rt'gains most 
of it when again exposed to atmosplioric condiiious. Upon resaiiiraidon 
the cubes absoihed enougli water to return to tlu' original saturation 
value. 

If there were no other eieinents influencing the loss of watm*, tii(‘ 
rate of evaporation from blocks sliould be direddy proportional to tiu> 
surface bxposec^ i. e., the curve expressing it would be a linear fiuud.ion 
of the latter; howevei*^ several otlier factors enter. The exposed surface 
of the cubes used bear to eacli other the relation 1, 4, lb, and (M. It will 
be noticed (fig. 1) that the cubes reach equilibrium with th(‘ atmosphen^ 
not in the above time ratio^ but in approximately 3(y, 108, o-M, and 972 
lioiirs, respectively, or a ratio of 1, 3, 9, and 27. The chief facjlor causing 
the differences in these ratios is capillarity and it is constant. ITeiice 
the following curve can be plotted, from which tlio time required for 
a cube of any size to dry may be tlireetl}^ read : 
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TariaUlity.— These few tests show tlia.t physically the tnff occurring 
throughout the Philippines is very variable. When no attention is paid 
to its selection it may be good or extremely poor and this is why it has 
fallen into disrepute. With the selection of a good quarry, this stone 
should be valuable, especially because of its accossihility and the ease 
wutli which it is worked. 

CHEMICAL EXAMINATION. 

The cdiemical constitution of several samples of Philippine tuffs and 
their close relationship to the igneous rocks is sliown hy the following 
analyses : 

Table VII . — Analyses of Philippine tuffs and igneous rod's. 

[Figures give percentagea.3 


Source. 

Tuff from— 

Igneous rock from— 

Man- 

ila.® 

Guadalupe. 

Maj ay- 
jay. 

Malaqui, 

Taal 

Volca- 

no.*^ 

Aroroy, 

Masbato.*' 

i 

Canlaon Volcano. | 

a.’* 

b.'J 

North 
rim of 
new 
crater. 

South- 
west; 
slope 
of old 
crater. 

Silica (SiOa) 

56. 84 

56. 55 

59. 27 

57,26 

53.81 

58. 14 

53. 69 

55.97 

Alumina (ALOs) 

18.46<’ 

22.34f 

17.06 

16. 95 

19. 69 

17. 93 

18.00 

20. 35 

Ferric oxide (Fe^Oa) 

0.75 

1.87 

2.16 

1 7.55 

8.16 

5. 46 

9.11 

6.20 

FaTtaus (FfiO) . 

2,51 


2.61 

1 





Lime (CaO) 

4.78 

4.74 

8.37 

3.56 

7.73 

7. 63 

8.64 

7.92 

Magnesia (MgO) 

1.59 

2. 86 

1.52 

1.10 

3. 13 

2,01 

4.59 

3.40 

Soda (NasO) 

4. 12 

2.88 

2. 49 

1.64 I 

3.64 

4,08 

3. 07 

3.52 

Potash (KeO 

2.72 

2,84 

3.63 

1.86 

2.19 

2.16 

1.68 

2.48 

Loss on ignitions:.,. 

6. 95 

4.86 

6,42 

7.65 

2. 13 

1.76 

l.OH 

0, 38 

Water (HgO) (below 









105-1 ir) 

1.76 

2.51 

1.34 

1.43 

0. 24 

0. 10 

0.31 

0. 33 

Titanic oxide (TiOg) 

C') 

,0‘) 

0.83 

0,91 

C') 

(") 

(“) 

O') 

Manganese oxide (MnO)- 

trace. 


trace. 

0.23 













Total 

100.48 

100.44 

100.70 

100. U 

100. 72 

99,87 

100.12 

mi 61 


» Equal portions of the three samples given in Table I were mixed thoroughly, pulver- 
izecl, air-dried and analyzed. 

Sample collected In 1906. 

« Sample coUehted in 1908. 

^ Average of two very closely agreeing independent samples, probably dolerito. 

« Average of two very closely agreeing independent samples, probably andesite. 

* Includes titanic oxide (TiOa). 

» Mostly water (HaO) above 105-110®. 

A Included in alumina. 

CEMENT. 

, I ^ ikst analyzed the Philippine tuff in the early part of, 1907 . Its 
composition is nearly the same as many of the clays and shales used 
for cemejit faanufacture. Sihee then I have had hopes that it miglit 
be used as a cement materiar and. have expended considerable effort in 
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the attempt to use it tor this purpose. In 1887 Le Ohatelier^” pro- 
posed the tornmia a; [(3CaO)8iOdJ + y [(:3Ca0)Al20J for Portland 
cement, but 8. B. and W. E. ISTewberry have sho^vn that the formula 
.r [ ( 3Ca()) SiO^] + y | ( 2 Ca())AlA),. 5 ] produces a inucdi better cement. 
Both of these forniuUe are based on a more or less ideal condition of 
tluxing and there are cases where even the latter gives a percentage of 
lime in tlie finished product very much higher than that of the average 
Portland cement; however^ it is valual^le to the cement chemists as a 
limiting formula. Bleininger has made a series of investigations 
from the results of which he concludes that ^"for the dry ground mix- 
tures the formula (2-.8CaO) SiOo,(2CaO) AL^O;^ is the safest.” Several 
cement batches were made up with the sample of tntf from Manila 
according to the formula for Portland cement^ calculated in such a 
way that after burning the percentage of lime would vary within the 
limits of good Portland cement. The materials were combined so that 
the finished product contained: 

And for eacli mole- 

For each, molecule cule of ALO3 resp. 
of SiOa, molecules of Fe^Oa, molecules of 
CaO resp. MgO, as CaO resp. MgO, as 
follows ; follows : 

2.8 2 

2.6 2 

2.4 2 

2.2 2 

1* have not as yet been able to obtain a furnace temperature above 
1,350° Q and that is too low satisfactorily to burn a cement. All of 
the above mixtures when burned at this temperature disintegrated spon- 
taneously on cooling, which is characteristic of the diealcium silicate 
( 2 Ca 0 )Si 02 ^*^ and indicates that the heat was not sufficient to fuse the 
other compounds of silica, alumina, lime and iron oxide which promote 
the" union of silica and lime to form the tricalcinm silicate (3CaO)SiO.^, 
which is the basis of hydranlie activity in Portland cement. In a small 
crucible over a blast lamp I prepared a cement from the ingredients 
limestone, clay, and shale which set well, but a sufficient quantity could 
not be obtained in this way to ascertain the physical constants. With 
this same method I could not produce a cement from the tuff cement 
batch, indicating that if cement can he produced from this material 
a still higher temperature is necessar)^ 

Recently Howe has shown that a cement of good quality can be 
produced from Panama rhyolite tuff, wdiich is not very unlike that of 
the Philippine Islands in composition. The Panama materials used were 

Awm. des Mines ^ ( 1887 ) , 11, 345. 

« J. Jnd. (1897), 16, 887. 

Bleinrnger, A. V., The Manufacture of Hydraulic Cements, G-eoh Bur. of Ohio 
^904)^4), 3, 236, , ' , ' , ' 

' Le C?hateli'er, loc, oit. ' ' • . 

acol. (1907) ,2,' 655. :/ 
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coral, rhyolite tutf and clay of the following compositions. For pur[)OPcs 
of comparison I also give some analyses of Philippine materials. 



Panama cement 
materials. 

Materials near 
Manila. 

Analyses of Pl)ilipj)in(i limestones. 

Component. 

1 

Coral. 

Rhyo- 

lite 

tali. 

Clay. 

Tuff a 
from 
Gua- 
dalupe. 

Pasig 

clay.'» 

Prom 

Danao, 

coal 

fields. 

From 

near 

Piljir, 

Capi/. 

From 
the in- 
terior, 
Cap!/, 
near 
Diima- 

liig. 

From 
Uom- 
1)1 on. 

Avenige 
from mili- 
tary r(‘S" 
ervation 
drill holes 
Nos. 5 a,nd 
6, Balaii 
Island. 

SiO.> ' i 

0. 89 

60. 93 

49. 91 

57. 68 

50. 51 

0. 36 

0. 72 

■0.21 

0.10 

0. 97 

ALOs 

0.82 

15. 86 

15. 48 

16.60 

20. 20 

1 0.18 

(0.51 

0.17 

j 0.17 

JO. 56 

FeoO‘i 

0.86 

5.46 

10.06 

4.92 

8. 08 

10.31 

t). 71 

lO. 36 

n«A 

52. 62 

4. 02 

6. 98 

3.28 

3.88 

55.62 1 

54. 03 

54. 42 

55. 23 

53. St) 

MetA 

0. 3S 

1. 79 

2.27 

1.48 

' 2. 48 

i 

0.99 

0. 41 

* 0. 45 

0. 11) 

Loss on igni- 
tion _ 

43.50 

10.44 

12.92 

10.44 

12.92 

48. 67 

43.93 

43. 84 

i 

43. vSO 

43.47 








“ Recalculated to the same loss ou ignition as the Panama tuff. 
Recalculated to the same loss on ignition as the Panama, clay. 


It will be seen tliat the Panama coral is a fairly {)ure calcium <airboMat(‘ 
low in magnesia, ideal for the inannfacture of cement. Idie analyses of 
several samples of Philippine limestones show tliem i.o be (won purer 
than the Panama sample. Limestone occurs abundantly ilirougbout 
the whole Archipelago and is unifonnily reinarkalily pure. 

Prom analyses giving the composition of the cement clinker, the 
Panama materials were mixed in the following proportions and gave 
the following data and results for the final product : 



« One kilogram per square centimeter r: 14.22 pounds per square inch. 


It is interesting in the above table to note that the corahtuff (*ement 
gives the strongest sand mortar. 

The laboratory is now preparing to install a small rotary cement kiln 
and when this rs completed further experiments will be carried on in 
this direction.; 
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EDITORIAL. 


THE EFFECT OF LITSEA CHINENSIS ON THE HARDENING 
OF LIME MORTAR. 

Tlie leaves of the plant known to the Tagalogs as [jnso-piiw (Litsea 
chinemis Lam.) have Jong been in favor with natiA^'e masons for use in 
making mortars. Their present method of treating the leaves of the 
puso-puso for this purpose is to beat the fresh leaves into a pulp, 
adding Avater until the mixture is a pale green. This is rather sticky 
and becomes more so as it ferments. After it is thus prepared it is 
allowed to stand and ferment for from tAveh^e to eighteen hours, Avlien it is 
used with native lime. 

Undoubtedly these leaves have been employed for this purpose for a long 
time as Blanco^ tells us that puso-puso is well known in the "Philippines, 
the leaves Avhen infused in Avater for six or eight hours forming a 
mucilaginous substance, they being cut into small pieces with a knife 
and triturated very well before being put into the Avater. When tlie 
decoction is mixed with lime and. sand it is stated that a A^ery strong 
mortar is made which is said to be almost impermeable to rain. 

The puso-puso is a tree 7 to 9 meters high Avitli a very hard wood. It 
is a species Avidely distributed from southern (tropical) Asia to Malaya. 

Governor Sandiko, of Bulacan Piwince, reports that the native masons 
make their cement of lime 30 parts, sand 60 and melaza 1 part ; the Avater 
used being the puso-puso Juice prepared as above described. 

Mr. Warner, of the Bureau of Supply, using the pim-puso decoction 
and comparing its results Avith those obtained Avitli lime and sand mixed 
AAdth Avater alone obtained the following table. In all the tests 18| per 
cent of Avater, respectively, puso-puso solutions were used. The tensile 
strengths are as folloAVS : 



Time of set. 

Average, 

One 

month. 

Two 

months. 

Three 

months. 

One 

month. 

Tavo 

1 months. 

i 

Three 

months. 


38 

60 

88 

] 



Lime-sand-water 

37 

37 

62 

60 

90 

87 

V 36f 

601 

i 


36 

61 

m 

! 




48 

53 

77 





50 

55 

82 




Lime-sand-melam-puso'pnso juice — 

50 

56 

81 

in \ 

5€i 

m 


49 

61 

90 




" ' , . " 

50 

56 

81 


. 



^Blanco, Flora <3e Pilipinas, 2d ed. (1845), 566. 
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The al)ove experiments show that puso-puso and (nielaza) increases the 
initial rapidity of hardening, but the indi'cations are that in the linal 
set tlie tensile strength is the same or somewhat less than when water is 
used alone. 

In recent years tests of the influenee of a great many imliirerent 
substances have been made on tlie hardening of mortar with small positivii 
or negative results. 

Parsons and Porter- experimenting wiili Portland cement found that 
the addition of sngar or molasses delayed the setting of the mortar, tlu‘ 
retardation being greater when molasses was used, but when, certain jji'o- 
portions were not exceeded, the strength of the mixture w-as sligld.ly greater 
than that of tlie pure cement. Sugar apparently has no clum\i(ral axdiou 
on mortars. The variation of the binding power is due more to metlianical 
causes and probably favors or retards the chemical reactions involved, 
Kohland’^ concludes that the liardening of cement is not diu‘ to the 
foiiiiation of elieinieal compounds, but to a spocilic action oL' colloids, 
and perliaps the same miglit be said of lime mortar. I believe that in 
the final equilibrium few, if any, foreign bodies have a positive intliieiiccc 

The above-described use of pim-puso juice appears to give no explana- 
tion of the extreme hardness of some of the old mortars. In general 
the hardening of lime mortar depends on the chemical reaction 

Ca(OH),H-CO,~>OaCO,+,H,0. 

This I'eaction really exhibits two pliases, namely, 

1. Ca(OH),-^CaO+H,p and 

2. CaOd-Ca->(laCO,. “ 

The velocity of the reaction is extremely slow, requiring months, 
years, and in some eases even hundreds of years to (iomplein it. ddie 
difficulty with which gases penetrate solid walls ivS shown l)y (he fmd; 
that reenforcing steel embedded in concrete Avill remain :fr<?e from rust, 
lieeently in tearing down a one-siory building erected in 1902 at New 
Brighton, Staten Island, all steel Teenforeeimmts were found in |)erfotd; 
preservation excepting in few cases wliore they were allow(Hl to come 
closer than three-fourths inch to the surface.** Uncombinod caleiiinij 
hydroxide has been found in mortar inclosed between very conipacfi! 
stones after they had: been in place three hundred years. In the light 
of these facts the explanation of the supeiior quality of the old lime 
mortars found in various places is probably that the porous stone so 

'^Dingler^s Polgt Journ: (1880), 271, :268j J. Ghem. Ind. (1889), 8, 545. 
" ^ ^ Zmhr. f. MleUrochem., (1907), 13, 11 

- *Tariiet, H. Png, ■NeAos ,(1908), 59, 75; Aaqn, Iron Age^ (1908),' 8t,:348. • 



EDITORIAL. 


411 


geiierall}' uped renders it possiljle for the carbon dioxide of the air to 
enter tlie interior parts of the massive masonry and so to hasten the 
equililninm of the hardening reaction. 

Alvin J. Cox. 

PROPRIETARY MEDICINES IN THE ORIENT. 

The dings inspection under the Philippine ‘'‘Pood and Drugs Act 
of May 1<S, 1907^’^ is revealing many illegalities and peculiarities in the 
}iroprietary medicines of the Orient. 

The Oliinese medicines offered at the ^nriolls ports for entry into the 
Pliilippiiie Islands are for the most part composed of pastes and powder 
manufactured from tlie herbs and animal products. Sea horses are 
caught in large number^ clried^ powdered^ and compounded into medi- 
cines. Tlie most ahiiiKlant species is Gastcroto'keus lhaculcatiis (Bloch) ; 
others are Hippocampus huda Bleeker and IL aternnius Jordan and 
Snyder. Other medicines are supposed to be nianiifaetiired from various 
parts of tortoises and stags. 

The ad\nrtisiug literature, in Chinese, aceonipanyiiig an invoice of 
pills states, ‘^'These pills are prepared from the l}est ginseng and cleerY 
horn ol)tainahle in this country/’ and recommends their use for all 
pains having neuralgic origin, rheumatism, liver and intestinal diseases, 
nervous , exliaustion, overstudy and sleeplessness. Another variety of 
pills was labeled with the modest statement, ''"'These pills are used as a 
tonic in the treatment of all diseases occurring among both sexes and all 
ages. For the healthy they are especially useful as a preventive in con- 
tracting disease.’’ Then follows an ennincration of the ailments for 
which the pills arc especially adapted, among which may be mentioned, 
general dclsility from overwork, alcoliol, sleeplessness, rheiuiiatic pains, 
toothache, lieadache, pain in tlie lumbar regions, heartburn, nausea, 
v(un]ting, loss of appetite, swelling of glands, and mdema of logs, face or 
abdomen. Many Clunese ‘^hneclicinal beverages” are offered for entry at 
this port. One, labeled as a cure for rheumatism and dropsy and " a 
tonic for lungs and liver, owed its effoct to an alcoholic content of 50 
per cent. 

The usual varieties of Clunese pills containing morjihine and opium 
are constantly met masquerading under various names and false state- 
ments as to their character and composition. One shipment of small, 
black pills, advertised and labeled as a cure for the opium habit was 
found to contain a large percentage of morphine. 

AYliile a large proportion of the, Chinese medicines are of the proprie- 
taiy class the patent medicine business , of the Orient is by no means 
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confined to the Chinese. Some establishments in tin's part of tlie world 
under the control of foreigners, place upon the market ])reparati(>ns 
which are in many cases more reprehensible in tlieir composition and m 
the character of their advertising than the nie{|i(a'n('is maniifaCunHl 
by the Chinese, Proprietary preparations from Japan, llnitCHl Stale's, 
Prance, Spain, Holland, Germany, and some other (*ouniries are also i«> 
be found upon the local markets. Among those whicih liave Ixuai I’oiiml 
to be in violation of the "'‘Food and Drags AcdC the following nn\ i ypii'al 
examples. 

A Spanish stomach tonic and a Japanese '\inje(*lion'' wc're both fonml 
to contain cocaine. A Spanish p(ictoraI pash' contained heroin and a 
‘\diolera elixir’^ was composed almost entirely of morphine a.nd chloral 
hydrate. eJapaiiese "'‘brain pills'*'' were found io owe their effeid; to tin' 
usual quantity of acetanilid. A widely adverlistKl "‘(lyseniery cure'" 
much used among the foreign element in the Oih'ui was fomni to eoiiiain 
calcium carbonate 90.?, calcium, phosphate J.?, organic uuil((‘r ami 
water 8.0 per cent, and is reputed to ho either ground cuttlelish boim or 
ground oyster shells. Ohvo bottles of li<jiiid, shippial l)y mail, and pur» 
porting to he a physician's prescription, won'; found (o (concentrated 
aqueous solutions of morphine sulphate. 

xinother preparation wdneh ‘‘works mirach^s with evtuw one tlmt makes 
use of it, and the Grace of the Onmipoi(mt God is (^xperionwal in il to 
admiration” is recommended in the accom|)anying advertising matit'i* 
as a cure for stones in the bladder, bimises in the liands or ieet, black and 
blue spots, thickness of blood, all kinds of fevers,, asthtrni, liver troiibh'S, 
hysterical pains, dropsy, the Pi'ench' disease, worms, palpiiai/ioii of the 
heart, headache, burns, colic, and if put in the eyes ‘JL will make you 
so strong sighted that you need not use speetaeles until tlu? agt^ of 70 or 
80 years, thus preserving the sight.” AnalyBis shows (he sul^sinucc' to 
he' a ,fish liver ^ oiL; 

^'The Harcotic Drag Law (Act No. 1761 of'tbe Plulippim' (k'umniHsion, 
October 10, 1907)' so restricts • thcraise of opitim, eoeaine, ,alplia and beta. ^ 
^^encmnelhat many: proprietary medicines 'and prepamtions are demitx! 

■' entry 'to the Philippine Islands. , 

11, HX Gibbs, 
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THE BENGUET IGOROTS. A SOMATOLOGIC STUDY OF THE 
LIVE FOLK OF BENGUET AND LEPANTO-BONTOC. 


By Egbert Beni^iett Bean. 

{From the AnalO)n ical Lahonifonj, Fhilvpinne Medical Hvhool^ Manila, F. /.) 


INTRODUOTIOISr. 

During tile intersessional vacation of the Medical Scliool in the year 
1908., I spent two months at Baguio^, tlie capital of Benguet Pi'ovince, in 
studying tlie plijsieal characters of tlie natives. STo casual observe]* would 
expect to find white people inside of brown skins, but I found European 
types among the Igorots. (Plate 1.) Trips were made to Atob, Tu- 
May,, and Gapangaii with parties under the direction of William H-. 
Pack, governor of Benguet Province., to whom credit and thanks are 
tendered for his kindly cooperation in the work and his assistance in 
establishing the good will of the natives. Dean G. Woi’ceste}’;, Secretary 
of the Interior, also has my sincere gratitude for 'enatding me to carry 
througli the work and for Ms many personal favors during its progress. 
I made excursions to points near Baguio from time to time,, and obtained 
a few additional measurements at the Benguet Sa,nitariuui and among 
the camps of laborers located in the vicinity of the town. 

Benguet Province is situated in the central part of northern Ltmon ; 
Baguio, the capital, being somewhat less than BOO kilometers due north 
of Manila and about 30 Mlonaeters east of the seacoast. The mountains 
of Benguet form a part of ihe 0 or dillera Omiral del Morie of the island, 
the most inaccessible portions’ of which lie in the north of the province 
and in Lepanto-Bontoc. ; /Bagxiio.Iies at /an altitude of' 1,,500 meters 
above seaTeveL Tt^ has^ a temperate .climate, and'is located among^ ]>ino 
' hilli 'on'^ an irregular ^ plateau:' southwest of the,eenteiT of' the province;. at 

\ ,78322 ' * / , . ’ /.^ ■' '■ ^ ^ 41S' ' ' 
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tliG terminus of one of the most remarkable ll3g]}^ra}^s of the \^urlcl. 
The latter is to a large extent carved oat of solid rock and in many places 
the deep canon of the Biiecl Itive]* is crossed 1)Y suspension bridges. 
T4\e plateau on which Baguio is located rises northward along the west 
of the province in the form of a group of rugged mountains intei'sccted 
])y small streams that exit their way through narrow gorges to Lingayen 
Gulf and the China Sea, passing through Pangasinan as well as Union 
Provinces., the latter inhabited by Ilocanos, one of the most thrifty and 
tmergetic people of the Pliilippines^ and great colonizers. The Ilocanos 
form the littoral population of the west coast of northern Luzon and 
have penetrated the mountains to some extent. The eastern part of 
the province from its extreme uortliern end to its southern limit is 
drained ])y the tributaries of the Agno River, ])eyoiid which are moun- 
tains separating it from the Province of Nneva A^iscaya. The Province^ 
of Benguet is thus divided into mountain and valley, or highland and 
lowland. The entire province is practically inaccessible, except over the 
Benguet Road, over the iSTagnilan trail from San 'Fernando, Union, or 
the trail from Aringay,, Province of Ihiion. The rivers tliat i)ass out 
of the province are tilled with water during part of the yeaj' ; their beds 
are roxigli, the sides precipitous and the mountains steep and nigged, 
so that both mountains and rivers form very difficult ways of entiy. Idle 
present governor is rapidly constructing trails in the mountains with a 
grade of from 3 to 5. per cent, the most audacious of these is noaring 
completion and will connect Benguet with tlie Province of Lepanto- 
Bontoc. 

The inhabitants of this isolated region could have arrived only hy 
crossing Iiigh and rugged mountains, or by picking tlieir way along the 
beds of the rivers during the dry season. AVliether they came of their 
own accord or were forced from the lowlands liy other peophxs may 
never be known. 1 believe the Tgorots pushed into the mountains as 
bold pioneers in iniicb the same way that the Puiutan, the Sc'otch-Ii'ish 
and the (bivalier crossed the A])palachians and S(‘ttl(*d the western part 
of tlie ITnited States, They probably exterminated or alisorbcd any pre- 
vious inhabitants and have Imilt for themselves enduring monurnonls in 
their rock-ribbed and terraced rice paddies, and in the rock shelters for 
their dead. Their iniiseular development is plienomenaK^t), 70,) »ni(l 
would put to sliame tlie best American athletes. Their laws and eustonis 
are founded on justice and equity, and ‘‘^an eye for an eye and a tooth 
for a tootlffi is often carried out to the letter. Civilization has not yet 
greatly affected the Igorots and they ai^e being protected from its evil 
infltienegs as carefully as sedulous officials can protect them. They are 
one of the fm uncivilized comxmtnities that civilization has touched yet 
/'not" defied,' t ' 'T ' ' ■ 

^The'ipepple pf;!, Ato^^ thC' western part 'of the province are a gxip- 
upBeptatiye;'|ronpyi^^^^ ,Atoo is a bold'; point that Juts out 'from 
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the smToinidiiig iiiountainp at an altitude of 2,000 ineturs above sea level, 
and its pTe(dj)itous sides .iiirnish an almost im])assible barrier a.i^ninsi 
attack. inhabitants of this re^don were the last of the Bongiiet 

igorots to come under tlie jurisdicdion of the United States of America, 
atid it was only by superior force of ariiis tliat they finally submitted. 
Tiiey live on tlieir roc'ky fortress, work the paddy tieUis of the valleys 
below, and return to their stronghold at night. They are a self-reliant 
and progressiv(‘ people, with sound judgment and wise deliberation in 
tlieir (nimeils. The administration of their atfairs is in their own hands 
under the guidance of the governor of the province. Their eiiief balnoji 
(old man) has already roofed his liousi* with galvanized iron for pro- 
tection from the tremendous down]>ours of rain whicli are so frequent 
in this region, and others are following his example. 

Men and women are on ])ractieally an ecpial footing, ddie men work 
away from home for means to providi* food, shelhu*, and draft animals 
(for working tlie paddy fields), and when at liome Ihe men eare for 
the children, ddie women work at home raising the small crops (ra- 
eolTce, etc.), prejiare th(‘ food, and assist flu! men in tlu‘ transporta- 
tion of surplus ])ro(lu<d,s to distant markets over steep mountain trails, 
acting with tlu‘ men as common carriers. The women also have a voice 
in the councils and often exercise a eontrolling inihience. The life of 
the Igorots is an existence of ideal sexual capmlity in many rovSpeets, and 
civilized nations might profit by (heir example, for they im|)ressed me as 
a remarkably (^mtentecl and ('heerfiil people. 

However, the piir])Ose of this article is not to present the moral 
(jualities, Init tlu^ jihysieal eharaiders of the Igorots. Observations and 
measurements wcu’e made of Id-l- adult mah^s (IG-j" years), 10 adult 
females, and do hoys between the ages of 5 and lo years inclusive. 1 
also rneasin’ed a minihm' of Japan(‘s<‘, (Oiinese, iloc'anos, and Ohigalogs, 
hut these data will be* reserved to he presimted in later papers on the 
\oirious Filipino peoples. Four groups will he considenal in detail with 
(‘uch ohservaiiou or nKaisiirement. Odie nativity of the four groups is: 
Lepaiito-lhintoi* lie], mountains of western Benguet 1 70 j, the Agno 
Itiver valley [30], and Bagnio and vicinity |27|. Fourteen of the Le- 
]:>anto-Bontoc Igorots are adidt mah's, and 1 is a hoy. Forty-six of the 
mountain igorots are adult males, iO are adult females, and the re- 
mainder are hoys. Twenty-two from the valleys and 22 from Bagnio 
and vicinity are adult males, tlu' remainder hoys. (Table I.) 

METHODS EMPEOyED. 

"The body parts are measured from the , ground up by means of a 
graduated vertical rod with a sliding horizontal pointer. Otlier meas- 
urements trre made witfi sliding calipers (conipim d^ippmsseiir-Colin) 
Lead electric' fuse wire, is used in taking head' outlines., a hinged' brass 
bar is employedwto measure the facial index; and general ' doserip'tions 
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are given of liair^ brows,, eyeS;, ears,, nose, and skin, with oecasioiial 
sketches. 

Measurements and observations are made on the naked body of 
each individual; except the women; the usual breech clout not interfering 
at all. Some difficulty is experienced in obtaining one measureiueni; that 
of the superior extremity of the great trochanter of the teniur, due* io 
the solidity and rigidity of the hip muscles as tlie individual stands in iht^ 
erect posture. 

My measurements of the Igorots follow the personal instniciious 
wliicli I received from Professor Manouvrier in Paris during the siiiu- 
iner of lOOG, and 1 wish at this time to express my gratitude for the 
painstaking care exercised by him through the course of iny training. 
The methods employed have been used by me during the past two years, 
and as they will apply to future work on the natives of the Philippine 
IslandS; a brief resume of the most important is inserted here. 

Tile individual should stand in the position of a soldier ( 67 ) . Projections are 
then made with the anthropometer as follows, using the level of the soles of tlie 
feet as the base: 

HEIGHTS. 

1. Body height. — Ailo\y the beam to fall with a click on the top of the head 
{^'erte^x}). 

2. Bar height . — ^The beam should point into the external auditory meatus 
{meatm aousticus cxtenvvs). 

3. Chin height . — The point at lower edge of mandibular-symphysis (froiiibc- 
rmitia mentalis), 

4. Bternum . — Press down firmly in the suprasternal notch {ineisiira jugukiriH), 

5. UmUUcus . — The level of its middle. 

6. Fuhis . — ^The superior border of jiubic hair. (I use the actual level of the 
pubic spine [Utherathmi puhmim ] ) . 

7. Acromion-. — The level of its outer tip. 

8. The elhoio {cuhitus ). — The level of the joint furrow in the flesh, at the head 
of the radius (capUulnm radii) > 

9. ^¥r%st {carpus } » — ^The level of the lower extremity of the styloid process 
{processus styloidus) of the radius. 

10. Tip of middle fiuger {digitus medius) with hand extended. 

11. Trochanter . — Press extremely hard on the upper end of the femur ( (rfh 
ehanter major) . 

12. Knee {genu ), — ^The line in the retir on the skin passing exactly through 
the Joint at the upper outer end of the tibia {condylus lateralis). 

BEEADTHS. 

(Made with triple elbow calipers.) 

1. Bhoulder.-^Fre&B hard on the outer tips of the acromion processes. 

; 2. Jff%.“~The outer lips of the iliac crests {crista iliaca) . 

3. outer part of the trochanter [trochmier major), 

‘ 4. Felms.—KTom the,, anterior superior, edge of the symphysis to the diamond- 
shaped de|^res^OTi in the ‘back, over the lumbar region. . 
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'File iEast(^!'i‘ul work of Euclolpli Martin {'iJic Manchfdmme der 
J\lalayische}(< lifLlhinseV' iR freely utilized in the course of the 
]')r(3Reut study because of the complete ])resentation in tabular form of the 
rcsulis oi reccaii iimestig'ators regardiug the people associated with eastern 
Asia. 

ddie present ai’tiele is divided into eight parts the last three of which 
form a. sinnmary ; these parts are as follows: 

I. Statune; Jl, Exaly 11], Head Form; IV, Piiysiogiioiuy ; V, Descriptive 

(Iharaciers; A'l, Somatologi(^ Race Ty]>es; VJT, Three tSeleeted Types : VTIT, Snpple- 
iiieniarv 'DK'oiy* of 1 lercaUiy. 

J. STATUUE. 

Tlic Igorois are a people of vSiuall stature (below 160 centimeters) 
although many individuals are above the average and some are tall. 
(Table 111.) The average or mean Jitdght of 104 adult males and 10 
adult females is Ibl.O and 146.7 eeidi meters, respectively. 

Further analysis reveals the fact that these groups are not liomogeneous. 
Only 00 per cent of tlie adult males arc between the height of 150 and 162 
eoiitimeters, a wide range for so small a. miiuber of individuals. The mode or 
iicight of greatest fr(H|ncney (hence the fashion) is 150 centimeters, although 
ihere is only one less individual at 152, 154, and 150 centimeters respectively, 
lla^ median (wliidi has an equal number of hnlividuals above and below it) is 
153 centimeters. Th(‘ minimum is 141 (‘entimeters, and the maximum is 170 
centimoters. Th<‘re is an even distribution of individuals between 148 and 158 
('ontimeters ; there a, re 25 above 158 and 11 below 148 centimeters, (Table ILl 
A curve eonstrueied from the jumiber of individuals at the various heights 
represented by ordinait^s and abscissm avouUI not be a noi'mal Ctaussian curve, 
but would be platykurtie ( flat-topped ( 74) ) (4,5) \vith a tendency toward tallness, 
indicating great variability, and more than one type of man. 

iriie mean lieight of 14 Bontoc Tgorots is 158.0 centimeters. (Jne is only 148 
centimeters high, one about 15(), and 7 are about 104 centimeters. The three 
groups art* signilieani, wlitui considei'od in (‘/muection wdth similar ones from the 
highland and lowland regions. 

The mean Iteight of 40 adult male Igurota of the highland region is 154,9 centi- 
meters, tlie miniraum is 142, and the maximum is 170. The height is less than that 
of the Bontoc Tgorots, and tlu^ variability is greater, Imt the height is more than 
t-hat of the lowland Tgorots. 

'“Jdic mean height of 22 adult inahts from the valley is 153,0 centimeters. The 
smallest is from Trinidad in tlie open country, and tho two tallest are from 
Buguias, wliich is in the northern end of -tlie province, near Lepanto-Bontoe. 
The moan height of the 5 men from Biigiiias is 155.2 centimeters, while that of 
tlie 5 from Trinidad is only 152 centimeters. iTiis would suggest that there is 
an edement of small people at Trinidad. The 5 men from Baguio and the 5 from 
Kahayan have a mean lieight of 150.8 and 151.2 centimeters respectively, which 
would indicate the same for Kabayan. However, five individuals are not enough 
from whieli to determine a mean height, although the measurements do indicate 
the characteristics of a part of the population. 

The mean height of 22 adult males from Baguio and viciaity is 149.1 centi- 
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meters. Their nativity was not aseertained for lack of an interjireter, but many 
of tliese probably come from Trinidad. For this reason ih(‘ i»'ronp is no1 
eharaeteristic for the whole province, but for Trinidad, Bai»'uio and vicinity. 

The individuals of each of tile three groups, Le[)anto-Boutoc, jligiilaiul, 
and Lowland, may he divided into those of small, those of intermediatib 
and thOvSe of great height, height of the small individuals \’ari(‘s 

around 148 centimeters (rf. Negrito) ; that of the large individuals 
around 165 centimeters {cf. European) ; and the height ol the groatesl 
number of individuals is about 154 centimeters (o/. Malay). ITe ])eo[)h‘ 
of Atoe arc slightly above and the peo])le of Baguio and \'ieinity are 
slightly lielow the figures given, hut the three groups are delinit(4y 
represented there as elsewhere. The conclusion from the examination 
of the height alone is that at least three groups of people make up the 
Tgorot population. (Table TI.) 

The mean height varies directly with the altitude, but [)robably this 
variation is not due to the effects of mountain or river, but to ihe 
difference in of the individuals making up the population. Thc‘ 
accessible parts have been influenced by infusions of ])lood from outsider 
of the Province of BengueL whereas the inhabitants of tlie inaccessible, 
regions are more like the original type. Howeveib it is possible tliat 
outsiders of a bold and daring nature penetrated to the movst inacccssibh'- 
regions, and these may have been tall individuals who increased the 
average height of tlie community by their presence and by their progeny. 

The mean height of the Igorots is 3.6 centimeters greater than that 
given by Martin (25) fop the inhabitants of the Malay Peninsula. ]t is 
also greater than that of the Vecldahs of Ceylon (Sarasin), but it is loss 
than that of the Annainitesli*^)^ the Japanese, the Koreans, tlie Javanest^ 
and vaiious other peoples in the region adjoining eastern Asia- 

Sexual differences in height can not be fairly stated beea,use so few 
women were measured, but it may ]>e of interest to note tliem. 

The mean height of the female Igorots is 146.7 centimeters, the minimum 135 
centimeters and the maximum 154 coiitimeters. The. mode is 146 eentimelers 
and the median 145 centimeters. The female height thronghoui the world is 
T per cent less than the male, or in other words ihe female is 93 per cent of the 
male height (27). Therefore, since the mean height of the Igorot women should 
be only 144,1 centimeters they are proportionately taller than the nuMt 

STATURE AND EAOE.l 50) 

Although local conditions acting, oji the same people for many tlioiu 
sand years may effect a change in stature, yet it remains true that stature 
is a potent factor in race differentiation. Pood and nutrition play a 
part in determining this characteristic, and artificial selection is at work: 
' '.in modern' social life, tall ' individuals being selected in marriage' becau.so 
;;gbc)dly 'stature in. , youth 'implies, a hountiful, store 'of', vitality. Oeeiipa- 
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tiou and habitat may influence it in the individual, but this is not 
transmitted to the oll'spring. City life reduces stature, but attracts tall 
men, so tliat tlie one Ijalances the other. The tall, hardy pioneer suindves 
in the mountain, hut poor nutriment causes a decrease in height; hence 
a similar balance, is found there, nowever, these influences act only 
on the individual and if they become hereditary it must be after count- 
less generations. 

Racial tlilfcrenees in ntature are ebaraeteristic, and })er.sistent. Tlie j\Ialay>; 
are everywhere inclined to be short, and the rolynesiaiis are inclined to tallness. 
The Scotcdi are the tallest people of Europe, tlie southern Italians are almost 
dwarfs; the first live in the mountains and the latter inliahit the coast. The 
Adriatic has a body of very tall people along its northern borders, but the 
mountains of middle Europe are inhabited by short individuals. The Teutonic 
people have retained their height wherever they have gone. The inhabitants 
along the sliores of Brittany, whicdi were ravaged so fiercely by tlieso northern 
barbarians, are taller than the people of the interior. The valleys south of 
Germany (Tyrol) have been infiltrated by the tall invader, leaving tlie short man 
in the nunmtains. 

Many other instances could be cited to prove that stature is incident 
to race., hut as the weight of evidence is in favor of this, the hiirden of 
proof rests, witli the opposition ; as well argue that long heads are due 
to mountain heigh because long-headed Igorots are found high up in 
the mountains, as to say that short stature is due to high altitude, or 
vice verm. However, it may be that stature^, like so many other charac- 
ters, becomes altered by environment in the life of a single individual, 
but the altered condition is not transmitted^ until, through countless 
generations in the same environment, the altered character becomes fixed 
and inheritable. 

The stature of the Igorots then, is iirobably a racial character, and not 
a local condition. 

STXTariE AND AGE. 

’'.riu? stature of the boys as contrasted with tluii of the adult males, 
and the relation of growth to age deserv(‘ consideration. ^Phe ages winch 
1 liave given are not exact in every instance, because ago is deternuned 
by the number of rice harvests since tlie birth of tlie individual, but as 
the rice liarvest is annual/ this method of record is fairly accurate. 

The individuals are arranged in small groups from the age of 5 to 20 years, 
and in larger groups above this age. (Table IV.) The mean stature increases 
about 5 centimeters per year up to the age of 16, when the adult Iieight is 
apparently reacdied, although a slightly greater height is found between 20 and 
30, The height at 18 and 10 is less than that at 16 and 17, Imt the small 
number of individuals at 18 and 19 may aecoxuit for this. For the same reason, 
the great height n'f 5 men above the age of 50 years, and that of the boys from 
d' to 10 years of age, am not fair estiniates. ' . ' 
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Tlie two most significant features of tlio relation of lieiglfi; to age ar(‘ 
the apparently early maturity of the Igorots and their aquisition of 
inaximimi height at an earliei* age tliaii Europeans. Iliis agrees wiiJi 
the conclusions of Martin(2B)^ regarding tlie inhabitants of ih(‘ Malay 
Peninsula. Hastings(i'^) lias presented the average lieigld^ for each agn 
of 8,245 typical male American school children, his figures {;orn])ared 
with the height of the Igorots shows a diiferenee of about Id (‘eniiincters 
in favor of the American children, at each age up io I'O and ji furiher 
increase of about 10 centimeters to the age of P), wlun i;lu^ Aunuhain 
boy is 20 centimeters taller than the Igoroi. OMie actual lu'ighi, as well 
as the growth of the American children conforms well with 4\)|)inajars 
deductions from measurements of 1,1.04,841 European.s(^d ) . ag‘(‘ 

in the latter instance is carried beyond oO and tlie greatest lieigbt is 
found to be between 30 and 40 years. There is an annual iiKjrcinent 
in height np to 35 yearsi^d)^ This increment de(;rea,ses during* ihe p(‘~ 
riod of from 1 to 5 years, inalces a sudden slight increases at 0, remains 
vstationary fi'om 7 to 10, increases progTossively ihom 11 to l(i, decreases 
suddenly at 17 and slowly thereafter to the age of 35, when the increase 
in height ceases. 

The growth of the Igorots is similar to this. 

The stature increases steadily from 10 to 17 years, there is a dc^creasc; 
to the age of 20, then an increase to tlie maximum betwcnni 20 and 3d. 
After 30 the height decreases slightly to the age of 50. 

The relative height increment of the Tgorot boy is not unlike tliat of 
the European girl,^ because the annual increment decreases in both from 
the age of 13 to 19 (^ 0 ). 

DISCUSSION OF STATUHK. 

In conclusion it may be said that the growdh of tlie Igorot is similar 
to that of the European, Init that it is more rapid. The Igorot rnuh^ 
is as well developed at the age of 10 years, as the Jhxropean at 18. Odic 
inaximum height of the Igorot is reached 1)otwecri 20 and 30, tliat, of i.1u‘ 
European ten 3 nars later. The relative growth, of the Igorot; lioy is in- 
termediate between that of the European girl and European boy. 
The height of the different groups of Igorots ('f 3) varies directly with 
the altitude and inaccessibility of , their location, but the rate of growth, 
the time of maturity and the actual height are probably characteristic 
of the stock and not due to environment. 

The stature of the adult male Igorots is represented by a eujwe which 
is seen to be irregular. (Eig. 1.) With only 104 individuals some 
irregularities in the curve might be expected, which would be smoothed 
■ if' 1,000 had, been measured, but, evidence; indicates that irregularities j*n 
a curve of 100 individuals m'ean a diversity 4n iype'dite to ^ previous' 

" European is used in the^_ fenae of ; the .white’ Or'/daucasMUi. 
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mg oi typc^^. Tins meaning is obscured by constructing a cuia'c wills 
1,000 individuals from tlie saiuo population. 

Take for instanee the lieiglst of about 150 uej^Toes that i nu'asured at, the Johns 
Hopkins Hospital Dispensary in lOOti. Tliere is gi'csit irn'gulariiy in tin* ('!srv(‘, 
wliich has seven summits, as may seen in tlie small tigure in tin* chart. Each 
of the summits represents a group of negroes well nM'Ognized in tht‘- United Stales, 
and known to exist in about tlie proportion and with the height given. Uygmies 
are rare, Hottentots are not plentiful, and extremely tall negroes are seidoiii 
found. The Guinea Coast negro, the. Kallir and the mulatto makci up t,h(‘ bulk 
of the negro po[>uiation in America. With 1,000 or more individuals, tlu^ types 
as represented by the height would be obscured and only an average negro lunght 
would be the result. Topinarcl(62) classilies 48,282 negroes and nuilaitoes by 
height and arrives at a single, result, to Avit; The average of the American is 
the same as that of the African negroes, namely, 108.] centimeters. Tliis is a 
not insigniliciant result in itself, but it leaves much to be desired in the chissili- 
cation of negro types. Much depends upon the selection of individuals, but in 
a random sample witli no selection there should be no spurious types. Jdierc.^ 
was no conscious selection of negroes or of Igorots, but every available individual 
was measured. 

Three simmiits are evident in the curve o£ height for the L'eiuale Igoroi-s 
as well as for the males. The summit for tall women (IGO centimeters) 
is considerably prolonged^, while that for small ones is not. The inter- 
pretation of the curve would be as follo^vs : 

The large central portion re 2 >resents the majority of tlie peo|)le., and, tins is 
the most frequent type. The two extremes of the curve rtquA^sent a small ami 
a tall people who have mixed with the o^thers. The small pco[>le are few iu mimbor 
and liaA'e had slight infiuenee in altering the ty23ej Avliile the tall ones ar(‘, in 
greater numbers and have modified it considerably, causing the central part of 
the cuiTc to be flat-topped by increasing the nmnber of individiials with height 
above the mean, Beasoning from this premise we may conclude that the original 
stocks of Igorots had a mean height of about ,150 centimeters or less, wdiich is 
the same as that of the peojple of the inland part of the , Malay Peninsula (26). 
AlartiiTs curve, however, sIioavs three summits for both males and females, 
and there is evidence of three peoples among Ids subjects, so ow,^ inusi- 
search back of this for tlie primitive stock. Whatever that may luwe been, 
the influence of a tall peo 2 >le is evident, and this came at a r(‘mote time, Avhen 
the tall people were present in great numbers. Later came the infiuenee of tln^ 
small people, which there is good reaao!i to belieA^e were the Negritos. Tlie mean 
height of 10 male Negritos of the Phili 2 >pines according to x\. B. Meyers is 144.5 
centimeters, with,' extremes of 140.1 and , 150.5 centimeters respectively (29) ; 
Afontano. gives the mean height of 18 male Philippine Negritos as 148.5 centi' 
’meters; I)enikerC14) presents 4*2 Aeta-Negritos with a mean height of 146.5; 
KeaneCSl) gives the mean height 147.3; and Beed(47) states that of 48 mixed 
Negritos to be ^ 146.3 centimeters. The height of' 4 adult male Igorots is 142 
centimeters, and there are 32 below 150.5 eeritimeters. The height of 5 male 
'^adulte ,is neai'ly 170, and 60 per' cent are above 150 centimeters. Jt is easy to 
conceive, that! a' 'few 'Negritos would become .attached ' to the Igorots in their 
-prpgi^essive conquest 'of the .mountains, but it is 'not 'so easy to believe' that a 
'" tM't' people has joined them iirthe Philippines to make up about one-t'hircl 'of their 
,;'''Aumber.'' .Stray ..refugees or adventurers may have come to' them from 'timC' 'to' time 
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in their mountain fa.stnesses., as in the ease of an ilocano. 1U8 eentiiueters in 
height, ^dlo came to Atoe from Union Province at the age of 15 years, fought in 
the war parties of the chiefs and was accepted as one of them fur his continual 
daring* and hra\*^ei7. He is taller than the average Jgorot, but not above the iieight 
of three of those nieasuri'd. The Spanish infiiieiiee must be n^ekoiu'd with because 
the Spaniards have I)een in contact with the Jgewots for at least liftv years {'(). 
although no individual measured showed any indication of the Spaiiisli iiiliiience 
in physical characters. A few tall men ailded to the Igorots from time to time 
may have had a slight inllnence, hut they could not have altered the average 
height materially; furthermore the inaccessible parts have tlie tallest individuals, 
and the Bontoc Igorots, the most inaccessible and remote, are the talh^st of the 
Igorots. 

II. PllOPOiriTO:N' OE the body parts. 

The measurements made on tlie living are necessarily more inaceui-ate 
than those upon the skeletoiu hut with proper precautions and great 
care they may be used as differential factors in the physical anthropology 
of a people. 

UPPER EXTREMITY. 

< Ext rein iUis superior.) 

The Igorots are essentially sliort-arnied^ although there are long-armed 
individuals and the several groups show differences in the absolute length 
as w'eil as the relative length. The mean (absolute) length of the upper 
extremity of 104 adult males is 6'7.8*3 centimeters., which is less than 
that of any otlier related Malay peoples., except the Seiioi group in 
the Malay Peninsula, and it is little less than that of the Japanese. The 
length decreases progressively with locality and altitude from the high- 
lands to the lowlands as may lie illustrated by grouping to show the mode 
and the extremes: 

Ahsolute length of upper extremiiif^ ui cent hneters. 


Group, Mcx and age. 

40^49, 

50-54. 

55-50. 

60-64. 

65-60. 

70-74. 

75. 

Total. 

Bontae * .. 





55 

0 

,, 

14 

Highlands 




5 

20 

15 


40 

Tjowlands 


1 

*) 

12 

22 

7' 


44 

Adult iniUcR 


X 

2 

i 17 

51 

in 

2 i 

104 1 

Wfirnpn 



2 

1 5 

H 



10 i 

Boys, P2 to 15 

i 

1 

7 

I 10 

1 



19 1 

Bovs, 10 m 12 _ 

i ^ 

4 

2 

1 




7 i 

Boys, 10 and less;. 

i 51 1 

! 

2 

1 


1 

! 





5 j 

i 


The range of variation jxidged by the diffcivnce between the extremes, and the 
spread of the mode, is greater in the lowland than in tlic highland or Bontoc 
groups, which indicates greater diversity of type in the lowdands. Reasoning 
from this premise, the conclusion is that Igorots from the lowlands are more 
i*ecent1y Jinixed than the people from the highlands or from Bontoc, 

yriie variation, of the 'Upper extremity as expressed by the difference between 
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minimum and maximimij is 31 per cent of tlie maximum lengtli for the cntir<^ 
extreinitv, 21 per cent for the upper arm, 30 per cent for the forearm, and 40 
per cent for the liand. The actual variation in centimeters is: 

('cntimoters. 

Entire extremity 2'^** 

Upper arm 

Forearm ^ 

Hand 

Tlie upper arm which is least variable is thcrid.V)i‘(' a hcdho' i actor 
for testing t^ie differences^ and the greatest difference is fomnl lK?tu'ccn 
the Lowland and Highland Igorots in tliis ])art. Its nu‘an length for 
the Bontoc Igorots is 0.8 centimeter greater than that ol; the highland 
group^ and 2.0 centimeters greater tlian that of tlie Igorots of tlio low- 
lands. The mode is 1 centimeter greater for the Bontoc Igorots than 
for the highland people and 4 centimeters greater than fot‘ those' of ihe 
lowlands. (Tables V, YI, and VII.) 

According to this standard and by the total length of the iippor ex- 
tremity^ the Lowdand Igorots correspond to the Senoi of Martini'll the 
Highland and Bontoc Igorots to the remainder of the population of the 
Malay Peninsnk;, as this table indicates : 

Mean lengths of 'tipper extremity^ in centimeters. 


Group. 

Entire 

extremity. 

Arm minus 
hand. 

Upper 

arm. 

Ftirearm. 

Hand. 

Abso- 

lute. 

Rela- 

tive. 

Abso- 

lute. 

Rela- 

tive. 

Abso- 

lute. 

Rela- 

tive. 

Abso- 

lute. 

Rela- 

tive, 

Abso- 

lute. 

Rela- 

tive. 

Sonoi 

66.7 

43.1 

50. 5 

82.3 

28.0 

18.1 

21.3 

13.8 

16.8 

10.9 

Blandas 

69.9 

45.4 

52.5 

34.0 

30.3 

19.5 

22.2 

14.3 

17.4 

1L3 

' . Dklalayen 

71.8 

45.9 

5;Li 

34.0 

80.4 

19.1 

22.2 

13.8 

18.2 

11. I 

Lowland 

m. 5 

43.8 

50.5 

33.8 

28.0 

18.7 

22. 0 

14,5 

10.2 

10. 6 

Higliland 

1 68.3 ^ 

43.9 

52,1 

33.6 

29.8 

19.8 

22,4 

14. 4 

16.0 

10.3 

* Bontoo 

1 71.8 i 

45.2 

53.9 

33:9 

30.6 1 

19.2 ! 

23.3/ 

14.8 

17.8 1 

11.3 

’ l^orot women — 

62.8 ; 

1 

42.7 

47.6 

32.4 1 

27.1 

18.5 ; 

20.5 

,11.0 

15.1 

It). 3 


Martin’s Senoi group is almost exactly the same ius tlie Lowland Igorots 
in the ahsolnte and relative length of the' entire upper extremity, the 
npper arm and the hand, and in the absolute length of the arm niiiins 
iiand, and the forearm. The Igorots from the lowlands liave a relatively 
longer forearm, and a relatively longer arm minus hand than the Menoi. 

„ Martin’s groups of Blandas and Malayan are similar to the Highland 
aird the Bontoc Igorots in every measurement, except that of the forearm 
(absolute and relative), wherein, the Bontoc Igorots exceed all others. 
The relative forearm length of the Bontoc is ,14.8 centimeters which is 
equal to that of certain European-s, below that of other Europeans, and, 
considerably less than that of the negrolS^L It corresponds 4o the Me- 
nangkahau-Malaycn and the southern , Ohinesc of HagonC^:!), and oc- 
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ciii^ies a position niidwa}^ between that of the Japanese and the South 
American Indian. 

The relative upper arm length ol: the Highland Igorots, which is the 
same as that of the European (19.8 centimeters) is as great as that ol: 
any otlier people so far measured except the Sikh (20.1 centimeters) (S'hh 
The relative hand length of the Bontoc is also the same as that of the 
European^ and the relative length of the entire upper extremity is ljut 
a tri:fie less. That of the parts of the upper extremity and of the entire 
upper extremity place the Bontoc Tgorots nearer the European than are 
the Highland or Lowland Igorots^, and the Highland are nearer than the 
Lowland. The hand of the Highland^ and of the Lowland as well, is 
unlike the Europeaip ChiinesO;, or negro^ because it is relatively shortioo 
It is the same as that of the Igorot womeii;, but less than that of any 
other people except the Senoi of Martin. 

Tlie absolute and relative lengtli of the entire upper extremity, and of each 

of its parts is slightly less for the women than for any group of men. The 

liands of the women and the men of the highland group, however, are exactly 
the same in relative length. 

The ratio of the forearm to the upper arm, the so-called ^hrachial indexT 

is important to establish the relationship of the Tgorots to other people. This 

index is 76.2 for the adult male and 75.6 for the adult female Tgorots. It is 
76.9 for the Lowland, 75.2 for the Highland, and 75.1 for the Bontoc. The 
brachial index is an additional differentiating factor for the Lowland Tgorots, 
placing thorn in the same class as the Senoi, while the highland and Bontoc 
groups in this factor, as in so many others, are more like the European, The 
brachial index of the living has been determined by many different methods, and 
by so many different authors, that divergent results are reached on the same 
people. For instance Sarasin found the index of the Veddahs to be 91.9, while 
Martin determined it to be 73.8(32); Weisbacli gives for Oennans an index of 
83.5' and Teumin for the Russian .Jews one of 72. As Martin remaiLs there is 
great need for a fundamental reform in the methods of measuring the living. 

The brachial index on the skeleton is greater than on the living, and is given 
by Martin for Europeans as 72.5, for Negritos, 83, and for the Senoi, 78.9. On 
the living, Martin gives the Senoi, 76.0 and the Blandas, 73.2, which again places 
the Senoi and the LovTand in the same class, while the Bontocs are nearer the 
JBandas. 

LOWEE KXTEEMITY. 

(EximiUm inferior.) 

The measiir(vment8 of tlie parts of the lower extremity are more exact 
than those of the u])per^ •‘beeauBe in the latter there may be unconscious 
and unnoticed shifting of the parts when the measurements are being 
made;, whereas in the foimer there is greater stability because the parts 
are placed firmly on the gx'oniid. The height of the pubis taken from 
the pubic spine is more accurate than the height of tlie troeliantor, 
because of the accessibility and the ease with which the spine ls located;, 
whereas _ the heavy fascia;, ''muscles and 'ligaments over 'the trochanter 
interfere with exact, w'ork. ^ b 

ParalleL 'measnremetits for cbmpafison indicate , that ■ the pubis 'is 
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slightly lower than the trochanter in the Igorots, ]>nt iJiis may be due to 
the heavy gluteal nmseles and fascia lata occurring in tliese incessant 
mountain climbers. 


Height of i rochanfrr und puhie ftpiite roui pared, in eeni inicfcrs. 


Group. 

Number. 

Trochanter. 

Pubic .spitie. 

Bontoc 

M 

S2. 0 

81.9 

Highland .... i 


79. 9 

77. 9 

Lowland ___ 

44 

7S.1 

7(5.0 

Total 

104 

79.1 

77. 0 

Women _ 

10 

1 1 

74.1 

71.7 


Here again as in the other nieasiirenients, tlie Bontoc is tlu‘ greatest, 
the Lowland least in ahsoliite lengtJi, ami the highland groii[) is belwcHm 
the two. These measurcnients rejwesent the absolute length of the (uitire 
lower extremity, and a glance at the next table will show tliat the reh 
ative length follows slightly the absolute length. Again there is the 
vsirnilarity between the three groups of the Malay ]\minsula('^'“>) and the 
Igorots. 

Length of hirer cxiremUy, in ecniimeters. 


Group. 

Num- 

ber. 

Entire. 

Appro.vimate hcigbti 
of ankle. 

Absolute. 

Relative. 

Absolute. 

Relative. 

Bontoc 

14 

82.0 

51.7 

5.6 

8.70 

Highland 

40 

79.9 

51. 6 

5. 2 

8. 55 

Lowland 

44 

78.1 

51.5 

5.1 

3. 50 

Total - 

104 

79.4' 1 

51.0 

5.4 

3.55 

Women 

10 

74.1 i 

50. 5 






! 




riie lowdand group again corresponds to tlu^ tstuioi, tlu^ rehiiivti length 
of the Boiitoe lower extremity is abnost identic.^al with ilmt of ih(^ h]nro- 
peaiy, and is less than that of the negro, but (xmsiderably more than tin* 
Japanese. 

The women have absolutely and relatively shorter legs than the men of 
the highlands, witii whom they should always be compared, because tlu*y 
belong to that grou]). 

The length of the leg-minus-foot is approximate because tlie ankle 
height was obtained on but thirteen Igorots. However, the average of 
even so small a number empliasizes a fact that I observed, constantly, to 
wit: The distance from the internal condyle to the sole of the foot is 
'.BO, short .that' it, could' with. diflSculty be ■ measure'd, especially where' the 
’ .hgrf ace \of\ tlie ground ,on which the' indiyiduals stood was',',riiggerh' The 
..anlcle. height -'is similar, to ',4116 - hand len^h, 'especially in-so far as the 
,i^hortness is more .'pronounced , in, the 'highland' an, d low'iahd'group' than /i'u ^ 
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Length of leg- minus-foot^ in centimeters. 


Group. 

Number. 

Absolute. 

Belative. 

Bon toe __ 

14 

76.4 

48.0 

UiVhlflTid 

46 

74* T 

48.1 

Lowland 

1 44 

73.0 

48.0 

Total 

! 104 

74 

48.1 


'Fhc absoliit(3 lengtli of tlie leg-nnnus-foot follows the stahire closely, 
but the ^elati^'e does iioh since it is equal in all the groups. 

The intorinem])ral index may be calculated from this,, comparing it 
with the arni-minns-hand, but a fairer consideration under the cireani- 
stances would be a comparison of the entire lower with the entire upper 
extremity. Both are given so that the intermenibral-indcx may be com- 
]»ared with that for the inha])itants of the Malay Pen insula ( . 

Inter me ml) ml index. 


Group. 

Num- 

ber. 

Arm-mi iius-hand-rs. 
leg-minus-foot. 

Entire extremity, 
upper lower. | 

! 

Bean, 

Martin. 

Bean. 

Martin. 

Ron tort 

14 ^ 

70.6 

Blandaa 71.4 

B. 87.5 

Blandas 87.3 

Highland 

46 i 

70,0 

Besisi 70. 1 

H. 85.4 

Mala yen 85. 1 

T. owl and _ 

1 

44 

09,2 

Senoil. 69.7 

L, 85. 1 

Senoi I. 84. 1 1 



I 


104 ! 

70.0 


85,4 


Worn on 

i. T 


84.7 







Tlie Tgorots have relatively longer arms as a whole in })roportion to 
their legs than the Malays of the peninsula, but there is a general con- 
cordance as usual, and a similarity exists especially between the lowlands 
and the Benoi. The arm of the women although 5 centimeters absolutely 
shoi’ter than that of tht‘ men, is relatively to the leg, ti])out as long. 

For tlie parts of the lower extremity the absolute length of the uiiper 
leg (femur) is the difference between the height of the knee and the 
troclianter, and the ahsohite length of the lowmr leg (crus) is the dif- 
ference between the height of tlie knee and ankle. 

Lengih of the parts of the lower extremity, in ceniimeters. 


Group. 

Num- 

ber. 

Upper leg. 

Lower leg, 

1 . ' i 

Tibio- 

femo- 

ral 

index. 

Stature. 

! ' 

Absolute. 

Belative. 

1 

Absolute. 

j 

Relative.! 

Bontoc 

14 

39.4 

24.9 

36.9 

23.3 

93.6 

158.6 

Highland — 

46 

38. 3 

24.8 

. 36.3 

23.4 

94.7 

,154.9 

I/>\vland 

44 

37.2 

24.5 

35.8 

23. 6 

96.2 

'l54.6 

/'''Total 

,104 

38.0 

24.7 ; 

, ,^;36,0 

23.4 

94.7 

154.0 


' 10 ,1 

33. 9 

23.1 




146. 7 











42.S 


lUiAN. 


All the lengths ^-ho*\v in gviiej-al the same relation b<‘t\veeii tlu‘ groups of tlu; 
ISlalay Peninsula and those of the Igorols as the preceding measurements, e\'C(‘pt 
ihat the tibio-feinoral index is from live to ten points higher for tlie Igorois. 
This corresponds to the crural index of Hagen (30) for the Malay and Melanesinn 
people, ■which is 90.8 d and 97.^1 '“‘hai j^nu-Mi'cklenburye'niJ' The' 

measurements are e<|nal to those (tf the Kuropea,n and f.ra])anest\, and an* less 
than all other related East Asiatic i)eo])le except the Aino. The l(‘Tigth of tlu^ 
upper leg, both absolute and relative, is less for tlu^ Igorot women than for any 
of the women from the IMalay peninsula. 

The relative length of the upper leg follows the absolute, as does tih<3 rehd ive 
length of the entire lower extremity, so one may say tlie lengtfi of the hover 
extremity is determined by the length of the upper leg, which in its turn 
determines the stature of the individual. In otlicr words the correlation of 
stature and length of upper leg is pronounced. 

The same is not true of the lower leg, but leather the opposite. With absolute 
increase of length of the lower leg, the relative length decreases, so that the 
shortest Igorots liave relatively the longest lower legs. 

The tibio-femoral index presents this clearly. Compare it with the brachial 
index, and a striking similarity between forearm and lower leg is noticed. The 
shortest individuals have relatively the longest forearms and lower legs, while 
the longest individuals present the reverse. 

It may be of interest in connection with the body ])ai‘ts to present t1u,j 
absolute dimensions of an Igorot and of a Seiioi. Select- 

ing an individual Igorot with the same height as the Senoi mail, the 
body parts correspond almost exactly;, except that the hand oC the. Igorot 
is shorter and the upper arm longer than the same membei's of' tlie Sonoi,. 
This is eoiToborative evidence in a special case of the general evidema' 
obtained from the averages of the body parts. ( Fig. 2.) 
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TliC‘ al)>3(ilute and j'elativu IcJigtli of tlia ext iviiii ties ot the .Lgorots may 
he stated in centrast witii siiiiilav iiioasiiremeiits of other people. 

The a})Holuto of the ii])])or oxtivmity of the [gorots is l(*ss than that of 

any other Eastern Asiatic people exce])t tin* Seiioi. The Nori.hern Chinese liave 
the greatest and the dapaiu‘S(* an int<‘rnje<liate length, or nt*arer the length of 
the Igoroi arm. 

The. relative length of the upper extremity of the fgorots is less than lluit of 
the majority of the associated people. However, the Japanest* and the Senoi 
have this relation shorter; the formei* the shortest of all, and the Veddahs and 
.Vinos the longest, with tlie Europeans intermediate. Tin* Igoints are midway 
between the Europeans and the Japanese. 

The absolute length of the lower extremity of the Tgorots is less than that 
of any other except the Ja])anese and Cochin Chinese, w'ho have this dimension 
slightly less than the Igorots. The Japanese have the shortest and the negroes 
the longest legs of all pe<)])le, while the Europeans are intermediate. The Aino 
and the Igorot are almost identical in leg length, and are midway between tin" 
Japanese and the Ihiropean. 

Alartin’s observations lead him to conclude that relative leg length and 
absolute leg length follow each other closely, in which I agree with him. Tin* 
relative leg length of th(‘ Jgorot is slightly nearer the European standard, hut 
otherwise corresponds to the absolute leg longtli. 

SJIOirLl>ER>~ini»-PELVIS. 

The i^thoiilder wifltii (acroiuiaii), and the width of the hips (iliac) 
may be contrasted and compared with the height, to deteriuiBC relation- 
ships and differeiiees. 

RMaiUm of the {iliac) u'idth of the hipfi to the (arroaiian) width of the 

fih oulders. 



Num- 

ber. 

Shoulder. 

Hip (coxa). 

Relative 

hip 

shoulder’ 

breadth. 

Pelvis, : 

(jrronp. 

Abso- 

lute. 

Rela- 

tive. 

Abso- 

lute. 

Rela- 

tive. 

II 

Pelvic j 
index. 1 


‘ ' 

14 

34J1 

J22J) 

26.4 

16.6 

76.6 




46 

35.0 

22.6 

26,4 

17.0 

75.4 


t 


44 

34.4 

22.7 

25,1 

16.6 

72.9 

17.2 

68.7 i 

, ■ ■- 







'7'* Af 1 

104 

10 



25.6 





Women — — i 

32.0 

21.8 

20,0 

17.7 

81.2 



ITfAltieh TT'IATlt , .. 

40 


iaT'i 


16.9 

80.8 



ETenelt wemfin _ 

20 ' 


16.3 * 


18.4 

_ 91.8 


i 

U aI ffi A m TYi All 

30 




‘ 82.5 

1 in) 

Uelg'ilRiTTl -1 

30 


22.0 



94.5 



‘KTAo-rn tyiati 

2020 


21.3 


16.5 


) . 


tKlTfATYArtfl TAATY 

83 



17.2 




4liU.lUJP^U<Li JUAt'lX 




: 

^ 

. , , 


« Topinard(«<f)‘ 


73322 - 2 
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KE'A N. 


The shoulders of the men are relatively (to the stature of course) wider than 
those of tlio women and the Lowland men have the widest shoulders. The hips ol 

the women are relatively wider than those of the men. Tlie breadth is 

siioulder 

naturally greater among the women, but this is miicdi loss for Igorots tlian tor 
Europeans- 

The Bontoe and Highland Igorots approach i.ln^ Eui'opcan more closely tfnui 
do the Lowland. The difi’erence between the Lontoe, and Mk^ Eriniclinn^ii is 5.‘i, 
the diifei'ence between the Lowland and the b’rencUuien is 7.tb ditlereiu'o 

between the Igorot women and the Trench women is lO.ti. The* rt'asoii for this 
disparity on the part of the Igorot women is not so much in poorly (hweloptsi 
hips as in well-developed shoulders due to field work and burden hearing. 

The Igorots are intermediate between the European and the negro in relativ(‘ 
liip breadth. 

The pelvic index is given for the lowland group alone, because it was ileiennined 
for no other. 

THE UMBILICUS. 

The position of the umbilicus in relation to the pubis and the supra- 
sternal notch;, although it is more variable than such fixed })oints as lh.e 
two last mentioned; is of importance in type differentiation. Its im- 
portance embryologically can not be denied; but whether its position is 
due to developmental phenomena or not, remains to be determined. 1 
present for the first time the index of the umbilicus, and empliasizc its 
singificance. 

The index is found by dividing the distance of tiie umbilicus from 
the pubic spine by its distance from the supra-sternal notch. This in- 
dicates its relative position on the body. If the index is high; the 
umbilicus is relatively near the suprasternal notch, but if low, it is 
relatively near the pubic spine. 

I propose the name of omphalic index for the index of the umbilicus. 
Divisions into hyper-, meso-, and hypo-omphalic would follow naturally 
for the high, intermediate, and the low iimbiliciivS. It is inexpedicut at 
this time to attempt a definition of the limits of these three elavsses of 
omphalites, although I am inclined to believe that Du,! Igorots are Irypo- 
omphalic. 

OMPHALIC XNIIEX. 


'Group. 

Xhibis. 

tTmbili- 

cus. 

sternum. 

Stomuin 
to nmbi- 
lieuf;. 

UubiH to 
umbill- 
CUB. 

Index of 
umbtlb 

CUB. 

Bontoe ... 

81. 9 

95.6 

129.6 

84.0 

13.7 

' 40.3 

HighlaM 

77.9 

91.9 

126.5 

84.6 

14.0 

40.4 

Lowland 

; 76.0 

89,8 

122.7 

82.9 

18.8 ■ 

41.9 

Total 

77.6 

91.5, 

125. S 

83.8 

13.9 

~41~ 

Highland women 

71.7 

87,6 

119.4 

31.8 

,15.9 

50.0 


The sexaal differentiatioii by the omphalic index is great. The women 
have an index that is 25 per eept higher than the men. The differences 
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between the three groups of men is not so marked, Init the lowland 
group resembles the women more than any other. The tall men have 
a low and the short men have a high index. 

Ohildbeariug in women may have some influence on the position of 
tlie umbilicus. So may the pi-otrusion of the abdomen from any cause, 
such as obesity^ ascites^ rice feeding, etc. 

The relation of omphalic index to age is as follows : 

Omphalio indeao and age. 


Group-age. 

Num- 

ber. 

Pubis. 

! Umbili- 
cus. 

Sternum 

Sternum I 
toumbi- 
liens. ! 

i i 

Pubis to 
lira bill - 

CHS. 

Ompha- i 
lie index.! 

Below 10 — 

.5 j 

54. 3 

04.3 

f 80.7 

22. 4 

10.0 

44.0 1 

10-11 

^ i 

61.1 

71.3 

98.2 

i 20. 9 i 

10.2 

38.0 

12-13 

6 

()8.2 

79.5 

107.6 

2S.1 

11.3 

40.2 

14-15 

13 ^ 

70.5 

83.0 

114. 0 

31.0 

12.5 

40.3 

16-17 

9 

70.8 

90.8 

124.2 

33. 4 

14.0 

41.9 


The index is high before the age of ten and decreases thereafter. The 
decided drop at 10-11 may be erroneous. At the age of 16 the position 
has reached that of the adult. The position of the ninhi liens in the 
small male child is similar to that of the woman. 

BOOT LENGTH AND NEOK LENGTH. 

The stature may be divided into four parts: Head length (chin to 
vertex ) 5 neck length (chin to sternum), body length (sternum to pubic 
spine), and leg length (trochanter to sole). Tlie leg length has been 
given, the other three remain. The body length is said to be 4 : centi- 
meters less than the distance from the suprasternal notch to the pu- 
bis ('^7), and the upper end of the leg is parallel with the lower end of 
the body, or 4 centimeters above the pubis. However, I find only 2 
centimeters^ difference between ihe pubis and the trochanter and as 
the pubic spine is more definite than the trochanter I prefer to use 
the spine. 

The body length from the supra-sternal notch to the pubic spine is as 
follows : 

Body length {truncus). 


Group. , 

Absolute. 

Relative. 

Bontoc ' 

47.7 

SO.O 

Highland .-i 

48.6 

31.3 

Lowland , - 

46.7 

30.8 

T*otal.,„ , 1 - 

47.7 

31.0 

Womotiw..—.- — - 

47.7 

32.3 
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lUUN* 


Coinpaml with Marthrs I1i>’urcs for lli(‘ Malay Ptannt^ula, (he !)«Mly 
kaigtli is sfigiitlv ^i»’raat(*r for ilia Ifi;’on)ts, and (‘Sjx^gally is ilns iriu' 
of the highland group, ddie lowland is exaeily iln^ sanu' as Stnioi II, in 
absolute length, but la^lative to stature, tlu' Lowland Igoroi has a iotigtM* 
body. The body ol! tlu^ women is ex^udly as long as ihal ol (he men, 
and relative to statu I'c it is longer. 

The neck lengtli pr(‘sents unusual ditTermu'C^s. The neek of (la^ High - 
land Igorots is the shortest even shorter iluin ilui womenV, lioili abso- 
lutely and relatively; that ol; the Lowland Igorol. is longer (han any 
others, even the Bontoc being shorter. 

Nech length {coll Km). 


Group 


Bontoc 

Highland— 
Lowland — 

Total 
Women 


Absolute, 

RebUive 

7. 2 

‘i.ri 

G.l 

4.2 



/.h 

O. 1 

7.1 

4.G 

i'K n 

4.5 


The women have relatively as long necks as any of the men ; althougii 
they are not exactly swan-like., there is symmetry and Iwanty in their 
lines and proportions. 

.Iir. HEAD EOUH. 

The length of the head is measured from the glabella to tiie inaximuin 
occipital point (toms oceipHalis):, the greatest breadtii is taken, and also 
the height from the exteimal auditory meatus to tlu^ br(»gma. 11u‘ 
following outlines are made wnTli electric fuse wii’e: 

1. Sagittal: From tbe glabella to ibe external occipital proiaiberniK^e ; 

2. Horkontal: Above tbe supex*ciliary ridges and around the tnaximuni <K'<tipii.al 
point; 

Cor OHftl: From tbe root of the zygomatic process on each side across tbe. 
vertex. ", 

Electric fuse Avire was chosen after trying many inaterinis, hecausc? of 
its lightness, rigidity and pliability. If care is exercised, the sliajja 
of the head is retained perfectly, the hair interferring in only a fcAV in- 
stances. This method of obtaining outlines of the head on the living, 
while open to objection,, nevertlielesa furnishes a ready and convenient 
means of, securing, at least the approximate head form. Tlie sagittal 
outline is especially valuable,; because' of its, greater accuracy. 

; The nteasuMUents of ,tlie head are reduced to skull measuroments by deducting 
I dp ,niilMujeters from each ' diatneteh, and.the skull wiise as thus, determined is ascd 





4 


• » « > 
•>»} 


in the eahnilatioii of tiio noplialie iiulnx. 
follows : 


The index is then dassilieil as 

length 


Hyper- doliclu )cep 1 lal i c 

TO and 

less. 

Dolichocephalic 

To to 

T4.n 

Mesocephalic 

T “) to 

TO. 9 

Brachyce.pha]i(' 

SO to 

S4.9 

Hyper-brachycephalie 

So and 

more, 


Anrel von T<">n>k's(6S) ehxssihcation is useful in doterniinmg the actual sizt‘ 

of the skull aud its length in eoimection with the index. He uses svmhols 

iengtii 

M'hich are. the initial letters of the three, groups representing the three sizes of 
hnigth and the three of width of tlu‘ skull, namely, small, medium, and largx*. 
These will he symbolized by their English (Mjuivaleiits, .s, m, and / as follows: 


>=naiTow 

(short). 




l=wide • i 
(long). i 


711111. 

Ureatest skull width varies 101 to 373 mm 101-125 

Greatest skull lenght varies M3 to 224 mni i 143-lfi9 


lit ft}. ' ana. 

126-149 150-173 

1 70-190 197-224 


Each skull is given a number. I to 82, wdiieh corres])on(ls to its length in 
millimeiers ; Mo. 1=14;) milliniehu's and Ho. 82=224 miljimettu’s. 

(U'plKtfir indciv mafe (iduU I (/orals. 


Type. 

m/s 



m/m 

1/1 

Total, 

Number ...... } 

12 11 10 IS 20 22 

>4 20 

28 30 32 34 30 38 

40 42 41 46 48 .50 52 54 

50 58 


Dolichoeephalie 


1 

1 5 7 

8 0 5 2 3 


41 

.Mesoceplialic-.. 


1 

3 2 0 6 9 3 

0 3 2 1 1 


43 

8 rachy cephalic 

1 1 hyperhrachy- 

1 1 1 

•> 2 

1 ;i 1 1 

.> 


18 




j 

1 cephalic at 
! 30; 1 hyperdo- 
1 lu'hocephalic' 

j jU, 4(L 



1 


i ' 

1 

2 1 






j 


i Total -..1 






104 ' 

.. J 

! 



Ix‘t thc^ symbol above the line represent the head width and the symbol below 
r(‘]>reH(.mt the head length, then the classes fall almost entindy in the m/rn group 
or mediunuHized head.s. 


Class. 

Nuni- ; 
her. 

1 

s/« 1 

i 

m/s ; 

.s/m 

m/m 

1/m 

m/1 

1/1 

Hyperdolichocephalic 

1 

1 

C 

0 : 

0 

1 

' 

0 

0 

0 

Dolichocephalic^ 

i 

1 i 

0 i 

0 

40 

0 

0 

0 

Mesocephalic : 

: ■ 43 i 

0 1 

1 ! 

,0 

42 

c 

0 : 

0 

Brachy cephalic 

i . 18 ' 

0 ; 

7 ! 

0 ; 

i n 
( 

i 0 1 

0 

0 

Hyperhrachycephalic 

1 

0 i 

■“i 

0 

1 : 

1 

0 

0 

Total — 

104 j 

1 ! 

, J 

8 ; 

i 

0 

1 95 

1 0 

1 _ ; 

0 

0 
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There are no heads larger than medium size, but there are 0 smaller ones, 7 
of which are brachyeephalic. The smallest head of the series is dolicbocephalie. 
There is a preponderance of dolichocephalic heads [41] over brachyeephalic [IHj 
which indicates that the Igorots are largely a dolichocephalic p(?.ople, with medium- 
sized heads and that the brachyeephalic portion of the population has small heads. 

A more detailed analysis reveals tlio relationslu]) of ilie head form in 
different localities. It is to be seen that the Bonloe group is fiiiida- 
inentally doliclioceplialic, the higldand is largt'ly dolielux^cphalie aihl 
mesoeephalie, while the lowland is for the greaUa* pari im‘SO(a‘])hali(' and 
brachyeephalic. The , percentage of dolichocephalic lieads d(‘creasos from 
57 in the Bontoc group to 29 in the lowland; that of mesO(iC])halie heads 
increases from 29 in the Bontoc to 4G in the lowland ; while tluj ptu’- 
centage of brachyeephalic heads increases from 14 in ihe Bontoe. to 25 
in the lowland group. It is of interest to note that 54 ■|)(n* cent of tlui 
brachyeephalic heads in the lowland group belong to tbo ni/s c'lass, 15 
belong to the m/m, and 86 per cent of the m/s brachycephals arc in ilu' 
lowland group, whereas only 14 per cent are found in the highland and 
none in the Bontoe. The Bontoc group has not only a larger pereenfcage 
of dolichocephalic lieads and a smaller of mesoeephalie and brachyeephalic 
than the other groups, but there are no small heads in the Bontoc grou]). 

Gephalio index hy locality. 


Croup. 

Class. 

Num- 

ber. 

s/s 

m/s 

m/m 

Per 

cent. 

Bontoc 

Dnlichncophalic,, , _ . 

8' 

0 

0 

8 

57 


Mcsocp.phnUc, , „ 

4 

0 

0 

4 

2l> 

It 


Emchycophalic 

‘2 

0 

() 

o 







Total 

H 

0 

0 

H 

100 





Highland 

Hypordolichocephalic 

Dnlichoccphnlic 

1 

*20 

1 

0 

10 

2 

44 


1 Mesoeephalie . 

U> 

0 

0 

1 

j III 

4 

41 

1 1 


Braehyeephab'e - | 

5 

0 


Hyphorbrachycephalic 

■ ^ I 

0 

0 

I 


I 

Total ' 

16 , 

i 

1 

44 

100 

Lowland i 

Onli{*.hof'.ephft,H{‘ 

W\ 

20 

ti" 

0 

~7\ 

) 

19 

5 

i)”' 

46 


Mesoeephalie - 


Brachyeephalic — : 1 

n ; 

0 

G 

25 


Total 

44 ' 

0 , 

7 

87* 

100 


' 




It has already been demonstrated from ton Toroids classification of 
the cephalic index that neither the length nor the breadth , of the'lgorot 
head is above medium size, and at least one group, the Lowlaiwl, has 
head dimensions below medirun size. 
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Rrurl dimensions of the lioiii)/. 




Head. 

Breadth, 

.lurienlar 

Height 

r,rfni]G 

her. 


— 

length 

bregmatic 

length 



Length. 

Breadth, 

index. » 

height. 

index. 

Bontoc 

n 

is.s 

14. r> 

77. 1 

llJ.l 

70. U 

Highland 

46 

18.9 

14,7 

77. 8 

13.3 

70.4 

Lowland 

44 

18.0 

14.6 

78. 5 

12.7 

68. 3 

Total 

104 

]8.8 

14.6 

[ 77. 6 

12.9 

68. 6 

Women 

; 10 

18.2 

14.1 

! 77. 5 

12.3 

67. 6 

Bontoc (Jenks, 19) 

m 

19.2 

15.2 

79. 1 

! 



“ The index should be reduced Irom 0.5 to 2 points to equal the skull judex. 


The Igorots are more dolichocephalic than the eastern Asiatic people, 
hut less so than the tribes of India. The Eontoc and Highland 

lengtli 

index is dolichocephalic and slightly mesoceplialic and the Lowland is 
mesocephalic. The women have the same 


index as the men 


and the index is similar to the in its relationships, but 

length length 

the women are less high headed than the men. The Boiitoc and high- 
land groups are higher headed than any other people of the Malay 
Peninsula or of eastern Asia, except the southern Perak MalayR(t) 
who are four points higher. 

As the Lowland Igorots, who arc largely ])raeliy cephalic, have low 
heads and the Bontoc Igorots who arc dolichocephalic have high heads, 
it is to be presumed that dolichocephalic, or long heads, are high, and 
brachycephalie, or short heads, are low. However, the reverse is known 
to be true, although when I first noticed the group variations, I thought 
the Igorots might be di.fferent in this respect from other people, but 


comparing the 
as follows: 


breadth 

iength 


index of the head with tlae 


heig ht 

length 


the result is 


^ ^ breadth height . , . n 7 r 

Conipartson 'ictlh 0 / the hem* 


Index i 

03 64 65 66 67 68 69 70 71 72 73 74 75 

Dolichocephalic 

138744 5 2 1 1 

Mesocephalic i 

1 1 1 4 4 6 16 7 3 3 3 1 

Brachycephalie 

‘ i 

I, 1 1 2 2 2 5 2 




'i^ic (lolicliocepluilic licads aiv low, the hnu-hyceplialio are In.^ii and 

liciffht . 

the uiesoceplialie are iiiterincdiate. llo\\\ tluai. (aui ihe 

of tlie lowland groiip be aecoiinted I'oi- when it is known that this group 
is largely bTae]]yee])haliei' A closer e.xainination of the cephalic iinlex 
reveals the fact that the dolichocephalic heads of tlu' lowland group 


have a verv low iiuhex which inlhienc(‘s ilu‘ av(U*age of t!u‘ group 

length, 


so as to lower it. It is seen from tlu‘ ahov(‘ ta[)lt^ of coniparative indicias 

that the ijidex of the dolichocephalic heads is grouped about bo 

length 

and 6P. There are higli long lieads and low long heads, tlu‘ jailer ar(‘ 
found largely in the lowdands, and tiu^ former ari' found largely in tlu‘ 
highlands. 

The widest head breadtli eoinpared with iln^ narrowesi foixhead 
breadth, gives a great difference between the Bon toe and lowland groups. 
Tlie BontoCj with the narrowest head, has the widest forehead, and the 
Lowland with a wider head, has the narrowest, iiic women have rel- 
atively wider foreheads than the men. The forehead of tlu^ Jgorots is 
wider than that of the inliahitants of the Malay Peninsula, or of other 
Malays, as wid{‘ as the ISrortliern Ohinese, and a liith‘ less wide than 
the Aino(f^^). 


Wlflvsi head bread fh com pared Lr-ilh narrowest forehead. 


Oronp, 


Bontoe 

Highland 
Lowland .. 

Total 
Wometi 


Widest 
part ol 
head. 

Narrowc'st. 

part of 
forcdunwl. 

OilVeroneo.' 

u. r> 

10.5 

40. 0 

14,7 

! lo.a ' 

j 44.0 

14. r> 

; 10.25 

I 

14,() 

u). a 

I 4;mi . 

14. 1 

10, H 

I :w.o 1 


TV. i^nysioowBir. 

Tin* morphologic- face height is tin? distance from ihe cdiin to IJu* 
nasion ; and the physiogrumiic face* height is from flu* chin to tlu‘ liair 
line. The dimensions are practically the same for the Bontoe and higfi- 
land groups, hut the lowland group is smaller in eveiy particular. 'TIh* 
face width of tlie Bontoe and Highland is greater tlian tliat of tlie in- 
habitants of the Malay Peninsula, and is nearer that of the Ohinostu 
Japanese, and Ainos. The physiognomy of the* women is less in its 
dimensions than that of the men. 
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Di tiirti.siOii.'i of ihr face. 


Group. 


: Fhysiog- : Morpiio- 
Nuni- j nomic ; logic 
her. i face 1 face 
! height. ; height. 


Biijy- Phy.siog- ! yiorpho- j 
goniatic , nomic . logic i 
width. ' index. ' index. ' 


Bontoe ' 14 1 IS.l ' lO.S i l;h 7 7:>.7 7K,S . 

Highland ; 4() : IS.l 10.9 I IB. 8 7(5. d 79.0 i 

Lowland ' 44 ; 17 . Ti io.7 | IB.Bi 7(1.0 > so. 4 ; 

Total 104; 17.9 10. S j IB. (5 7fi.O^ 79. 4 | 

Women ; l() H5.(; 10. B ; IB. 1 79.0^ 7s.(; ; 


Tile index of tiie pliy^iognoiny, wliiv'li indicates tlie relative i'ac-e width, 
is greatest for the inoiintaiii division and least for the liontoe. It is 
greater for tlie Igorots than for tiie Jajiaiiese and Malays, Init it is less 
than that of the Aino. The women's faces are relatively wider than 
the men's. The niorphologie index wliicli indicates the relative leiigtii 
of tlie face below the eyes is greatest for the Lowland and least for the 
Bontoe. It is less than that of any other Eastern Asiatic peoples, 
although the Mantra are about the same. 

The lower face height (chin to nasal septum) as coni]iai“ed with the 
artistic modnlns and with the total head height (chin to vertex) is as 
follows : 


Lower face height vom pared with the arlialie moduim aad total head height. 


Group. 


Bontoe 

Highland--- 

Lowland 

Total 

Women- — 


i 

i I Total 

: Hum- ; bead 
; her. I height. 


, Artistic 
I modulus. 


Lower 


Relative 
: louver face ; 


face : height to , 
I height. I total head j 



I 



■ 

14 

21.8 ; 

■■ ■ ""I ■ 

7. 5J 1 

(5.7 

31 : 

1 4(5 , 

22.0 

7.0 ! 

(5.(5 

BO ; 

; 44 ; 

21,1 

7.1 1 

i 

0.7 1 

32 

; 104 

21.(5 

7.1 j 

(5.7 1 

31 

‘ 10 ’ 

1 

20.7 

7.1 1 

i 


31 ! 


The Highland has the least lower face, the Lowland the greatest, and the Bontoe 
and the women are exactly intermediate. The Highland has the greatest total head 
height, the longest physutgnomy, and the shortest lower face, therefore Ins frontal 
cranial height is the greatest of all the Igorots. This is true also of the auricular 
hregmatie height, and the head outlines show the same, therefore the several 
measurements corroborate each other. The artistic modulus of the Bontoe is 
nearer that of the Europeans than are the others. 
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NOSE. 

The nasal dimensions considered with those o[ tlio luoiith are given 
in the following table : 

Nasal and oral maasuremcnls on the living. 



jSTom- 

Nose, 

Nostril, 

Nasal 

Num- 

Moutli, 

Lip, 


Group. 

ber. 

length. 

breadth. 

inde-x. 

ber. 

length. 

width. 


Bontoe 

H 

4.1 

4.0 

97.6 

<) 

1.4 

LI 

ChiiK'se 1.7 

Highland 

46 

4.3 

3.8 

88. 4 

35 

4.8 

1.2 

Parisian ,y, 5.0 

Lowland _ 

44 

4.0 

3.8 

i „ 

95. 0 

28 1 

4.9 

1.2 

Parisian V. 

Total 

104 

4.1 

3.8 

9*2.7 

i <59 

4.8 

1.2 

Negro 5.31 

Women 

10 

3.8 

3.8 

100,0 

K) 

4.4 

1.1 

Negress 5.1 

Bontoe (Jenks 19) „ 

32 

5.3 

4.2 

79.2 







"Topinard (<>«)• 


The measurements of the mouth may be dismissed by stating that the lips of 
the Igorots are full, but not thick and protruding like those of the Negro, mu* 
is the mouth so large. The Bontoe and the women luive smaller months thuu the 
Highland and Lowland Igorots. 

The height of the nose measured from the subnasai point to tlie nasion is 7 milli- 
meters less than the average height of this feature of the inhabitants of the 
Malay Peninsula ( 41 ), and the breadth (ala nasi) is the same, wliereas the height 
and breadth are but 2 millimeters less than that given l)y Annandale and 
Robinson ( 43 ) for the same people. The resulting nasal index is therefore 10 
per cent greater than Marti iTs for the Malay Peninsula and about the sanuj as 
that of Annandale and Robinson (l). The extremes of nasal index found are 72 
and 115.^ 

The women of the Malay Peninsula have narrower iioscis than iho 

" « 

Bien^ while the Igorot women liave wider: 

It may be of interest to note that the iiavsal index of the clolichoeeplialic 
Lowland Igorots is 99.4^ while that of the brachy('o;])hal.ic is 85. This 
would seem to indicate that there are two types of Igorots in ilui 
lowlands^, the long headed being wide nosed^ tlie broad .headed not to 
such a degree. 

Ems. 

The eyes are measured by taking the distance between ihe irnuu' 
corners (commmura palpelrarum medialis) and between the outer 
corners {commismra palpebrarum lateralis) at the Junction of the lids. 

® Cunningham (11) gives the nasal index of 23 Australians (native males) 
which “are ranged in the immediate vicinity of W* with extremes of 70 and 104. 
This^ at once, suggests a relationship ' between the Australian aboriginal and the 
Igorot* 
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Eye measurements. 


Group. 

Num- 

ber. 

Inner. 

1 

Outer. 

Eye widtli.^ 

Bontoc — 

14 

3.60 

1 

9.20 i 2. SO 

Parisians 2.75 

Highland 

46 

3.30 

9.20 1 3.10 

Belgians S.CK) 

Lowland 

44 

3.35 

9.05 I 2.85 

Chinese 3.20 

Total 

104 

3.40 

9.10 1 2.85 

Australians 3.34 

Women 

10 

3.30 

8.80 1 2.75 

N egroes ( Africa) 3. 38 


Topinard'.64j. 


The eyes of the Bontoc are the narrowest and they are also more 
widely separated than those of the others Those of the liigiiland 

group are the widest and they are also the closest together, while the 
lowland is between the other two in eye width and tin' inter-eye distance. 
The eyes of the women are narrower than those of the men, ])ut the same 
distance apart as the group to whicii they belong. 

The artistic conception of the European eye is that it should l)e equal 
in wddth to the distance between the two eyes, and the artists add that 
the mouth should be one and one-half times the eye in width of opening. 
The Igorots have a smaller mouth and greater distance between the 
eyes than the artistic ideal for the European (^'5). 

FACIAL ANGLE. 

The facial angle is determined directly with two brass bars bolted togetlier at 
one end. One bar is placed in line with the external auditory meatus^ the otlicr 
with the glabella, and the apex of the triangle is opposite the point covering 
the jxinction of the nasal septum and the upper lip (sub nasal point). This is 
not so accurate as the facial angle of the skull, and minor differences are not 
to be detected by this method, but it affords an approximate angle with ease and 
facility. 

The facial angle of the Bontoc Igorots is not measured, but that of the Highland 
and Lowland Igorots is given with that of the women and of the boys. 

Facial angle. 


Group. 

Num- , 
her. 

! 

1 

Facial 

angle. 

i 

Cephalic index. 

Per- 

cent. 

Facial angle (per cent) . ■ 

1 

65° to 
70° 

71° to 
75° 

76° to 
80° 

81° to 
85° 

86° to! 
90° f 

Bontoe 

0 

0 

Dolichocephalic 

24 

0 

25 

46 

29 

j 

0 1 


■42 

78*= 

Me.socephaiie 

48 

2 

40 

* 33 

21 

4 , 

Lowland — — .. 

17 

770 

Brachyeephalic — 

10 

10 

30 

50 

10 

0 j 

Total 

59! 

770 5 

! 






i 

Women—, — 

10 1 

80° 







1 

Boys 5-..— 

2 : 

86° 

, , 


1 




! 

Boys 6-10 

3 ! 

78° 



j 




i 

Boys 11--12„— — — 

5 

76° 




! 

1 



1 

Boys 13-14 

5 

79° 




i 

j ' 



j- 

Boys 15-16 

6' 

78° 




i 

L; 
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Tlie Hig-hlainl and Lowland Igorots have practically the same angle, 
wliiie that of the women is greater. The angle decreases witli age, for 
example: Four hoys below the age ol‘ 10 have an angle aljove 80°, after 
tiiis age it is below 80°. 

lldieii compared witli the cephalic index prognatliisni becomes evident 
among the Ijraeiiycephalic, while the doliehoceplialie are less ])r()gnathoiis 
and the mesoceplialic are clearly mixed. The bracliyceplialic resom])le 
tiie Xegrito in their prognathism. 

MALAY ACAJXST KlOROT. 


Four indices which are considered to he important in type dilt'erentia- 
tion may be compared with the same tigures of the inlialiitants oi' the 

/ breadth \ 


^ length J 


IFalay Peninsula * i . The cephalic index 
heeanse it is tlie most important. 

Cimiparison of (^ephalic indices of Jporot and Mednp. 


will he taken first. 


Group. 


Bon toe 

Higbland 

Lowland 


; Index. 

■i Gronp. 

Index. 

1 ■ - ' ' 

..j 77.1 

Blandas 

! 77. 1 

77. S 

‘1 Sftmfl.ntT _ 

1 

I 77. n 

— ! 78. 5 

ll 

1 ' Wenoi 

78. .5 


!j Besisi 

82.4 


The exactness with which the Bontoe and Blandas, the Highland- and 
Semang, and the Lowland and ‘Tieine Senoi’' correspond is ]*emarkable. 
The siniiiarity between the Igorots and the inhabitants of the Malay 
Feninsnla is so exact that if cephalic index is the criterion of type, the 
conehision ninst be that they are identical types of people. 

The height index of the head is given next, heeanse it is closely 
associated with the cephalic index. 

Compansmi of height indices of Igorot and Mahii/. 

I Gronp. ; Index. I 'Group. , Index, j 

' Bontoe 70.0 

Highland 70.4 

; Lowland 


The CDrrektioii of head height is almost reverse in its relation to 
the horizontal diameters ' (cephalic index), (ouhl the low headed doli- 
'ek'Qcteplmb 'elimiimted from the' lowdand group,, the index would he 
':rafeed' Mgtier,thaii the- highland, and the groups of 'Tgorots w'ould' then 


Blandas W. tJ 

Semang ^ 65.5 

Reine Senoi i 67, 0 

Besisi ' 68.0 
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cuiTespoii<l witli liiose of the Malay PeniiiHiia, exeeptiuy that the lyerut: 
lieail is higher. 

The morphologic tace iu<lcx is coiT<.‘late<l heh>w: 

( 'Ohip^n'isoih of the ittotphoJopie face iiidieen of ///o/v;/ a ml Melon. 


Oruiip, Index. ; (froup. fiiOe.x. 

Boiito<* 7S. s Blandas . S4. i-i 

Higlilaiirl 79.0 Semang S2. 

I Lowland so. 4 I Reine Scnoi S‘2, 5 

; ; Be.sisi si.s 


Martin’S groups have longer faces below the eyes than the Igoiots. 
The lowland is more like the Reine Senoi than are the Bontoc and 
highland groups,, which diverge from the other Malays. This may be 
explained on the assimiption that the Bontoe and highland groups have 
greater European intermixture. 

Finally the nasal index is correlated as follows: 


Comparison of the nasal indices of Igorot and Mala if. 


Group. 

i Index. 

f 

1 

Group. } 

rSAntAlT: 

< 97.6 , 

Bhindas ! 

Tri|rhlflTTd 

; ss. 4 ' 

Semang 

T.AlflflTlfl 

• ft ' 

Rpinfi f?AnAi . I 

~ ; 1 

:■ Besisi - • 


Index. • 

76. 6 , 
83.5 * 
86 , 
78.9 ^ 


Idle disparity between the groups is marked. Again, if tlie type of 
dolieliocepiialic Igorots with very wide noses he eliminated, the disparity 
is diminished. 

The Malays of the inland paid of the peninsula according to Martin 
are mesocephalie with one group bracliy cephalic : hypsi to orthoeephalie : 
braehjfacial to mesofaeial; and mesoiiiinian to platyrhinian. . The Igo- 
rots are mesocephalie and dolichocephalic; hypsicephalic braehyfaeial : 
and platjrliine. They are also slightly prognathous. 

V. DKBORIPXITE CHARACTERS. 

The skin of tlie Igorot is characteristically light brown, but, the tint 
varies with iiidividuals and it is different in 'different families ( 72, 

The influence of light and shade, may be noticed; those who work in the 
sim are darker than tliose wdxo' serve in 'the house and the women and 
the children are, lighter than 'the men. The whole family of one chief, 
inciiiding 'several young mien and women who stay indoors great yieal 
is soTight brown, in color as to be classed "as, yellow., Tn a few individuals 
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a tinge of red may be seen, or the face appears bronzed^ some Igorots 
strikingly resembling the ISTorth American Indian. The coloring shows 
a trend towards lightness rather than the reverse, and this is manifested 
most strongly among the Bontoes. 

Skith color (per cent). 


i Num- i 

<jroiix>. : 1 

Golden-; Light 
brown. : brown. ; 

Dark | 
brown, j 

Bontoe — 1*2 

Highland... 45 

Lowland 35 : 

1 5 11 ! 71 

1 2 ; S 83 

1 

5 1 

1 13 i 

i * i 

Total — 92 

1 3 ! 13 : 74 

“ 1 


The relative number of brovm individuals increases in the Highland 
and reaches its limit in the Lowland. The lightest colored individuals 
are found in the highlands. The one golden-brown individual of the 
lowlands is a young man who for several years has been a servant in an 
American family, where he worked principally indoors and wore the 
regnlar European clothes of the Tropics. 

The hair is invariably black, straight, and coarse. A few individuals 
witli wav}' hair were observed, bnt not one of those measured had a 
noticeable wave in the hair. Tliis is remarkable when one considers 
how closely the Igorot resembles the ISTegrito in other characters. I 
can aeeoiint for tlie predominance of the straight hair in one way only — 
it is dominant to the kinky hair of the ISTegrito, and in the course of 
centuries the kink has disappeared leaving only an occasional trace, 
such as the few wavy-haired individuals I observed casually, and those 
noticed by Jenksl-*^) among the Bontoe Igorots ("IL The wavy-haired 
indmduals probably belong to the Senoi type of Martin. 

The brows of the Igorots are never so beetling, and the brow ridges 
never so prominent as among the Filipinos of the coasts and other parts 
of the Islands. However, there is a slight difference of the size of the 
siipereiliarj ridges among the Igorots which may be presented in three 
groups, small, medium, and large. 

Brow ridges {per cent). 


' 

'Group. 

Number. 

^ Small. 

Medium. 

Large. 

j' Bontoe--; — : 

10 

20 

70 

1 

10 

j' . , , , ,,, , ’ 

45 

' 11 

42 

‘ 47 1 

i Lowland _ 

, ' 42 

16 

65 

19- 

i Wtrmm"'. I'n ri ' 

' 10 ' 

' 70 ^ 

: 30 


} , , . ' ' ' - 
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The brows of the highland group stand out clearlj. I>ecanse they are 
larger than those of the other two groups, and the brows of the women 
are small^ as is to be expected. 

The Igorot nose may be divided into three classes by the rjrofile view — 
aquiline^ straight, and anstraloid. With the side may be coupled tlie 
front view^ in which two factors claim attention, the direction of ilie 
nostril openings, and the amount of dare to the al^ of the nostrils. 
Each of these characters has three qualities which may Ije combined 
with the three of the profile to make np three composite types. The 
aquiline nose has narrow nostrils that open downward and the nasal 
index is low. The straight nose has w'ider nostrils that open down- 
ward and fonvard, and the nose is compact without extremely flaring 
nostrils. The anstraloid nose has wide flaring nostrils that open almost 
forward and the nasal index is high, the nose extremely platyrhiiie. 

Types of 7iose {per cent). 


Group. I Number. lAquiliiie. , Straight. ! Australoid.; 

^ ^ , 

Bontoc i 5 i 0 I 80 | 20 ! 

Highland | 46 ' 16 ! 28 i 56 | 

Lowland j S2 | 6 i 22 j 72 I 

Total I S3 : 12 ! 30 j 58 j 

Women | 10 i 10 ! 70 20 j 


Of these three types, the aquiline is found most frequeiitlj among 
the Highland Igorots, the straight among the Bontoc, and the anstraloid 
among the Lowland. The nose of the women is usually straight or 
anstraloid. [Plates IL III, and lY.] 

HEAD OUTLINES. 

The head outlines are treated as composites in groups, according to 
cephalic index and by locality. Onlj^ the' sagittal outlines are utilized 
because they are more accurate than the other, and illustrate more dis- 
tinctive differences. , ^ 

The composites are made by drawing each outline on transparent 
paper with the mid-point of the line which connects the glabella and 
the occipital tubercle, as well as the line itself, superimposed upon the 
'same point and line for each drawing. After all the outlines of one 
group are drawn in this way the heaviest line is reproduced as the com- 
posite on another sheet of paper. , ■ , 

; . The composites grouped according to cephalic index indicate what is 
to be. expected from von Torok^s classification, namely, the dolichoce- 
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Iiiiaiic [leads are rlie and- the hraeliyeephalie the siiialiest, whih* 

Tlu* iiu'soeephahe are intermediate in size. (Fig. d.) ''.riie composite 



jPiG. 3 . — Composite sagittal outlines of 104 Igorots : 41 doliclioceplialic, largest outline: 
43 mesoeeptialic, intermediate outline ; IS brachyceplialic, smallest outline. 


curves of the three groups are similar. Tlie forehead of the brachyct^- 
piialie protrudes slightly and the oceipito-parietal region is somewhat 
rlattened. 

When the eumpo.site dolielioecphalie iietid outline of tlui Igorots is compared 
with a similar outline from an equal number of negroes I measured in Baltimore 
at the Johns Hopkins Hospital Dispensary in 190G, the data being as yet un- 
published, and an equal number of white students of the University of Michigan 1 
measured at Ann Arbor in 1905 to 1907(4), some striking differences may be 
seen, i Fig'. 4.) line head of the Tgorot is the tallest and shortest of the three. 



4'.---Cpiiipasit^ ' sagittal outliaes of the dolichocephaUe , heads of ’Igorots, negroes, and 
white ■ students s Igorot, the short, 'high outline,; white, .the long/ low outline; negro, 
the broken outline. ■ \ 

WheteM that of tfe'white! studehi 'is,'.thc lowest; and longest. . The fprehead'of 
the n^o Is low and receding^ while that of the Igorot' aiid; white student are' 
prominent The^head region , immediately above the 'Soniasthetic 'area' 
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of the brain is pruniineiit in the Igovut and in I’nt,* !;enL‘.». bo.i 

studeiit. The Avhite student has a relatively laru'f^ frontal r.-iit.n. '.he in'en- I:;;- 

a relatively large b<)dy sen^e and motor region, vvliile the Tgoror ha.- T!i>- 

igorot represents a protoinorph. or u mixture, 'addle the nenre* anhi the -.rhiv* 

student represent speeiali^ed products of ev*diitiun, or dednite types. Tii-.^ iLirv’or 

eoiitains cdeinents similar to eaek of the nt!e-is, at lea-t thi- i- rnie of th,* 

dolichocephalic. 

The bracliyceplialic head outlines I'eveal .sumev.dmt. tlideresn charaeteri-rii--. 

(Fig. 5 .) The vdiite student is again the longest, hut it j'< a No the tallest, tlc' 




Fig. 5. — Composite sagittal outlines of the brachycephalic Igorots, brachycephalic negroes, 
and brachycephalic white students : Igorot, the inner solid outline ; white, the outer 
solid outline ; negro, the broken line. 


Igorot lias a rounded outline with full, high forehead and the negro has a 
bonib4 forehead high in the frontal region. Tliere are only G brachycephalic 
negro head outlines and the composite for that reason is not a representative 
one. 

The mesoeeplialic head outlines represent more definitel}’ than the dolicho- 
cephalic the important differences denoted by the latter. (Fig. G.) The Igorot 



Fig. 6. — ^Composite sagittal outlines of the mesocephalic Igorots, mesoceplialic negroes, 
and mesocephalic white students ;■ Igorot, the broken outline; white, the long, solid 
outline ; negro, the shoid, solid outline. , 
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iieatl outline is an exact blend of the white student and the negro, except that 
it is shorter and slightly hiu’her. The wliite student s head is relatively large 
frontally, the negro's is relatively large parietally, and the Igorot's is relatively 
well developed thronghont. 

The sagittal outlines of the 10 Igortit women of Aloe when compared with 
similar outlines of 10 women students at the Tniversity of Michigan selected 
with the same cepdialic index show great dissimilarity. (Fig. 7.) The white 



Fig. 7. — Composite sagittal oatlines of the heads of 10 Igorot women and 10 American 
college women : Igorot, short, high outline : American, long, low outline. 


student head is longei'j the Igorot head is shorter and higher, and both are 
depressed beneath the occdpitai and frontal regions. The somesthetic region of 
the Igorot is protuberant, while that of the white student is unobtrusive. The 
small number of individuals and the difficulty with the long hair of the women 
vitiate the records somewhat, but the differences in height and length are of the 
same nature as in the men, although intensified in the women. 

The distinguishing differences between the Igorot and the American student 
are the length and height of the head. The IgoroTs is short and high, the 
ilmerican student^s is long and low. The Igorots, male and female, carry heavy 
burdens by straps across the top of the head, which may influence the height 
of the head from compensatory hypertrophy following the continual stimulus of 
great pressure. Tlie generous muscular development of the Igorot may also 
have some influence in heightening the head, by increasing the size of the 
somesthetic area of the 'brain. 

The head height is a racial ti'ait, as well;, which may be inferred by 
comparingihe sagittal outlines' of the three groups of Igorots, (Pig 8.) 
The Highland Igorots have longer, higher heads than the Lowland Igo- 
rots. The Bontoc head is longer than the others^, but not so high as the 
Highland, This is an additional differentiating fact between the three 
groups 'and' again the Bontoc is more nearly lilve the white, whereas 
the lowland is 'less 'so than the others. ■ 



THE r>EX(4rET IG<‘>ROTS. 


447 



Fig. S. — Composite sagittal outlines of the three groups of Igorots : Bontoc, the broken 
outline; Highland, the large solid outline; Lowland, the smalTsolid outline. 


EAES. 

TJie ear of the Igorot is a most typical feature and a true racial char- 
acter. ]!7ot all the ears are alike^ indeed there are at least tliree \rell- 
defined forms,, and many variations of the three. The typical Igorot 
ear is found oftener than any other kind, and its frequent presence 
merits a special description and portrayal by photograph. (Plate Y.) 

The typical Igorot ear is large and long and somewhat reetanguar in 
shape. The siipericu* border of the helix is smooth, thin, gracefully 
rounded, and the posterior border is straight. The anthelix circum- 
scribes the concha in the shape of a large oval tvith its apex at the incisura 
infertragiccL The lobule is square and flat, the inferior border usuahy 
Joining the cheek at right angles. The ear does not stand out from the 
head, neither is it pressed close to it, but occupies an intermediate place, 
and is beautiful and graceful in both form and position. (Plate YI.) 

There is not a line or character about the Igorot ear to relate it 
with the anthropoid apes nor with any of the primitive people of the 
world, so far as I am able to Judge. It, is not like the isTegrito ear, 
■which is short and round, the helix of which passes horizontally back- 
ward from the superior end of the base, the anthelix forming a roll that 
often gives the ear the appearance of having a double helix, and the 
lobule is round or pointed. (Plates YII and YIII.) It has none of 
tlie characteristics of the Australian aboriginal ear(il) ^yhicli is similar 
ill many ways to the anthropoid. Darwin^s tubercle, is present more 
frequently in the men than in the^ women, which is true of Europeans (^2). 
I have seen ears resembling the Igorots on Spaniards, Englishmen, and 
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AiiiHrk-aiss* bill 1 kiail kiseuss that subject IiiUy in a lortlieomiiig article 
uii Filipino ears. Tlie ear is a European one. and eliaracteristic of one 
ot' tile liner ivpes of luiropeans. 

The oilier types of ears among the Igorots resemble the Negrito, 
and the Malay or (hinese ear without lobule. Three types of ears may 
be bJstingiiislieil. which are distributed as follows: 


Tifpes of ears. 



Group. 

' Number. 

i i 

: Typical. 

Oval, no 
lobule. 

Round, i 

! 

; 1 

Bontoc 


12 ' 

i 9 

2 ' 

1 ! 

Higblaml 


i 45 i 

1 29 

; 12 ' 

4 i 

Lowland 


___J 34 i 

i 20 

1 

1 ^ 

8 1 

Total 


- - 91 j 

1 58 

1 20 

13 ! 

Women 


10 

1 9 

; 1 ’ 

0 ; 

‘ Boys 


27 1 

I 20 

i 3 1 

4 i 


The Eontoc Igorots have a relatively larger number of typical ears than 
the other groups^ although the Highland Igorots have almost as great 
a relative number, but the Lowland have the least, and also a greater 
number of round ears (NTegrito?). 

The ear index of TopinardC^®) is useful in differentiating the types, 
but Schwalbe'^s morphological index was not utilized. The ear index 
* - ' 1 gr eatest breadth x 100 
^ greatest length 

Ear measurements. 


Group. 

i Number. 

1 

Breadth, j Length’: 

Ear 

index. 

; Ear index (Topinard'j. i 


r 

; 1 


j 


j 

Bontoe 

; 12 

33.1 i 57.2 ; 

57.8 

: Type. 

Num- 

ber. 

Index, i 

Highland 
Lowland 

•ff. 

31.9 59 3 

53.8 

55.3 ; 



; 

' 44 : 

31.4 ! j>6.7 ' 

i Europeans 

S 

54.0 ’ 

Total 

104 

3L8 ; 57.9 ; 

28.8’ 49.7 1 

i J 

55.0 i 
57,9 i 

j 

1 Melanesians 

8 

59.5 ' 

WomftTi 

TO 

i Polynesians 

3 

60.0 i 



1 Negroes (African) 

13 1 

1 

61.2 ) 


The Highland igorots have the longest ears and the lowest index, 
with the Eontoc second and the Lowland third in ear length, but the 
Lowland index is less than the Eontoc. The ear index is not an absolutely 
reliable indication of ear type, but witli the aid of descriptions it is 
serviceable. The index of the tvpical Igorot ear is low because the ear 
is long and not roimd. The ear should he one of the best marks to 
determine the nature of heredity, because it is not subject to sexual 
selection in the way that other features such as the eyes or nose may be, 
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iiiiti ibere is li*? ivason lo believe that iiutr.ra'L vr.;., r:;-:;-' 4. 

For tile saino reasons this leauuv shenbl 'je one o: r.i«* oiorb- : ■ 

betermiiie racial purity. 

The ear marks of a f)eo|.F:', niav I sc .-iaTJiieai-r. 


CoP*P.FLAT:ti3;S. 

Tlie eorrelation of oe])liaiie index and >-taiure o.^u-rnknied 4'-' auu‘an’es 
and percentages. The average >tann’e of tne raaieraH'‘epha;F Igonu- 
loT.l eeniimeters. that of tne niesoceplialie i> Id.*?.?, wborra-^ -tatrov* 
of the braeJiyceplialic is only centinieters. 


(/orrehti (u,i of fcphalir Itoh x rntti i^tai ifr*'- ' pf r 


Index. 


Dollehoeepiiaile. 

Mesoeephalic 

Braehyeeplialic . 


Staiure 

SiaVirt* 

Stat’ire 

below 

Inf) ro ISO above 16u 

150 eent!- 

c en ti- 

eeRti- 

mtxers. 

me 


10. Oi 

tn.r. 

i'.e 1 

: 20. 0 

62. 5 

17,5 

1 m.A 

V4..5 

IE. 7 


1 


lliei'e is a greater proportion of eomparatively tali individnais among 
the dolielioeephalic Igorots, and a greater of small individuals among 
the Itraclivceplialie than among rlie mesoeephalie. j>iit the difference 
between the inesiH-epliaric and hrai-hycephalic is greater than that between 
the mesoeephalie and dolieliocephalie. A larger per cent of each index 
is found hetwetai Ido and FjO centimeters, which is to he expected in a 
jiUK‘1'1 tnixed, endogainous people. However, it is in tlie extremes that 
aboriginal types are to he searched for, and it is the extremes where tin; 
differences are greatest. 

The correlation of cephalic index and relati\e arm lengtli is nor so 
great as the correlation of cephalic index and height. Inn it is in the 
same direction. The long head and the tall height are parallel and so 
are the long head and the relatively long anu. However, the cruTelatioji 
is slight. 


Con'chiiion of cephalic iiul€.v and relaiii’c arm Icngih {per cent). 


OTOUpS. 


Dollchoeeplialie. 
; Bracliycephalif . 
t Mesoeephalie 


, ; Between’ 

43.0 ana; 

1 1 meters. I 

, Above 
:45.5eenti- 
; meters. 

' 14.2 64.4 

! aa 

.! 'ill 3 52.3 ; 

I 21.fl 

31.0 54,8 

1 14.2* 
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The average relative am length is 44.3 for the dolichocephalic. 44.2 for the 
hraehycephalicj and 43.9 for the mesocephalic. In groups above 45.5 there are 21.4 
per cent dolichocephalic, 21 per cent braehyeephalic, and 14.2 per cent mesocephalic. 
Ill groups below 43.0 there are 14.2 dolichocephalic, 26.3 brachycephalic, and 31 
niesocepfialic. 

The dolichocephalic have relatively longer arms than the mesocephalic. 
while the brachycephalic have an intermediate relative arm length. 

Correlation of stature and relative arm length (per cent). 


i stature. 

; Below 
;43.0ceiiti- 
1 meters. 

43.0 to 1 Above | 
45.5 cent!- 45.5 centi- 
meters. I meters. 

! i 



82 

9 

! "jivn tn TfiO AAntimAters 

23. 3 

53, 4 

23.3 

j RAlmv 1.=^ . .. 

! 3S 

47.0 

14.4 

i . 





There is a progressive increase of relatively short aims (below 43) 
from absolute tallness to absolute smallness^ and a progressive increase 
of arms of relatively inteimediate length (43 to 45.5) in the opposite 
direction, while the nninher of long arms (above 45.5) increases from 
tallness, through smallness, to medium size in stature. Continuing the 
analysis of cephalic index combined with stature and relative arm 
length a table is presented as follows : 

Analysis of cephalic indem combined icith statnre and relative arm length 

{per cent). 


Stature and group. ; 

i ^ 

Below 1 43.0 to 
43 0eenti-|45.5 centi- 
meters. j meters. 

Above 
45.5 cent!-, 
meters. 

Above 160 centimeters: 

1 



0 1 100.0 

0.0 

yfiARAAAp'hfl.lif* ... 


25 0 

BfftObvcepbftlic -. - . 

20.0 ! 80.0 

0.0 

150 to 160 centimeters: I 

i 

i ( 

i 

DolliT’lifM’ephalie 

14.8 i 55.6 

29. 6 ; 

Mesocephalic : 

1 1 

J 30. 4 i 56. 6 

13.0 

Brachycephalic . 

! 30.0 1 40.0 i 

SO.O 1 

Below 150 centimeters: 

I 1 1 


nolicbocephaiic .. . 

1 33.3 f 50.0 

16.6 i 

Mesocephalic- - 

j 50.0 1 40.0 

10. 0 ! 

Brachycephalic 

'20.0 60,0 

20.0 , 1 


The Igorots may be divided into four groups by the above correlations : 

' , L Tall dolichocephalic Igorots with lo»g arms. 

2. Small dolichocephalic Igorots with short' arms, 

3. .Mixed mesocephalic Igorots. ' 

,4. , Brachyceplia'Hc Igorots , with intermediate aim 'length. ' 

. .The; correlations and differences suggest that thj-ee steps of racial 
mixture preceded present conditions. . First, a small dolichocephalic 
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people with relativelv shon arms and a hraeh^vey^hri'ir irdny^&l 

and partly fused. Tiiey were then Joined by a rail. doIicLoeephalh. Vibu- 
armed people already partly fused wirli the braehyeepriaiic. and suh- 
sequent fiisioii was again altered by contact wirri The !jrael:y.--epiml:' 
people. The last contact was quite recent and the braehyeeplialie people 
are more distinct as a type than either the tall dolichocephalic or ;t;o 
small dolidioeeplialie^, and they are also present in greater nmnijer. 

YI. SOMATOLOOIC RACE TYPES. 

Stratzi5t>i divides mankind into three groups, proto morphs or naiur*.* 
folk, archimor'pJis or highly differentiated peoples, and rnetamorplis or 
mixed races. These may be used in connection with iiie canon oi 
Fritscli and the artistic mod ulus as comparative standards. 

The canon of Fritseh takes as its standard the length of the vertebral column 
and the other body measurements are compared with this (57). The length of the 
vertebral column is equal to the distance from the syrnpJiysis puhis to the nasal 
spine. With this basis, photometry may be made an adjunct of anthropometry 
when interpreting the length relations of the body parts. The artistic modulus 
is the total head height from chin to vertex, and it is used in relation to stature. 
The modulus of Geyer, which is the stature equal to S total head heights, is the 
artistic idea! for the European. 

With this explanation the following classification is given. 

The protomorphs comprise the Aiistraliaiij Papuan, Hottentot, American Indian, 
Eskimo, Philippine Ivegrito, and the Pigmy of Africa. 

The arcMmorphs are the leukoderm or white, the melanoderm or black and the 
xanthoderm or yellow men. 

The metamorphs are mixtures of the other groups, and are found along the 
zones between the black, white, and yellow races ; in northern Africa, eastern and 
southern Asia and in the islands of the Pacific. 

The protomorphs are short, in stature with relatively long total head height, 
wdiich is in the lower face and not in the cranium, and their arms are relatively 
long. They conform to the canon of Fritseh except in the relative length of arm, 
and to the artistic canon except in the relatively large head. 

The melanoderms are relatively short in stature, long in -arm, and short in 
upper head height, nasal spine to vertex. , 

The xanthoderms are relative short in stature, in length of leg and in upper 
head height. A slight departure from this may be noted in the females of each 
group. A table of individual records among which are three Igorot men. is shown 
for comparison. (Table VIII.) * 

A more intricate and detailed comparison, as in tlie accompanying 

charts, reveals some noteworthy differences between the three Igorots 
shown by fig. 9. The first [No. 60] is tall and doliehoeephalic the 
second [No. 3] is intermediate in height and mesocephaiie ; while the 
third [No. S3] is small and brachycephalie. Other distinguishing 
characters are to be noted, such as the almost uniform confomiity of 
No. 60 to the canon of Fritseh and the modulus of Geyer, although the 
body is slightly longer and the legs slightly shorter than the European, 
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and the upper arm is lunger and th(‘ hand shorter. No. h presents 
relations of ])ody parts similar to the protoniorpiis. The body length 
is only 7.4 times tJie total head height^ and the greater part of tlie latter 
is in the lowm* rae(‘. The ann is eonsiderably longer than that of the 
European, the body is also longer, while; the unihilieiis is notably lower 
ill this ty]>e. dlie uhief eharaeterisiies of Xo. 8:1 arc long body, sliorl 
legs and sliori. nppei* head height. The eharaeters whieh the three 
jgorots liave in i‘ommon and in wliich llnw are diltereiit from tlie canon 
of Fritsch are long bodies, short legs, long arms, short neeks, long lower 
liead height^ and short upper head lieight. The tall Igorot is most (ike a 
white man in all these characters and the smaii Igorot is least like him. 

When a typical Jgorot (Xo. 5:>) is compared with Merkebs normal 
womaiTs lignred’^^) it, is noticed that there is no great disparity between 
the two, (Fig. Id.) Tlie neck and tlie upper head of the woman are 
longer than those of the Igorot, wliih* the body and legs of the Igorot are 
slightly iongei* than those of the woman. The abdomen (waist) of the 
woman is longer, the umbilicus higher than in the Igorot. 

There nury be then, three or more types of Igorots, representing three 
or more fundamentally ditferent groups of mankind^ and these threat 
hav(‘ fused in [airi and remained separate in part. An average individual 
igorot resembles in form the woman of P]uro])e, and represents a proto- 
morph of the nature folk. 

(Consider the average Igorot vstature, leg length, and arm length in 
ndation to tlu* classilicaiioii of Siratz, and some incongruity is apparent. 
4410 average relative arm length of the xanthoderm and of the Igorot is 
44.0, while tiiat of the protomorph is 47. ‘T The averago relative lengtli 
(d' the leg is a 1,(5 for the Igorot, 0,2.0 for the protomorplp and 4(5.4 for 
the Xiinthoderm. Tlie Igorot arm is short, like that of the xanthoderm, 
and the Igorot leg is long, like that of the protomorph. This indicates 
that tiu‘ Igorot InivS ehunents of both Ihe ])rotomo.rph and the xantlioderm 
if Ave a(-i'ept hltratzbs (dassification, or if noi,, it at least indicates a rela- 
tionsliip ladwcHui Igorot, ihe protomorplp and the xanthoderm. 
Himilar elementaiw cbaraciers miter into the composition of each ]>eople. 
StratzT cdassilicatiori may be nuBleading in tlmt his types are too simple, 
yet do not repri'.sent fundamental units of stnicturc, but they may be 
useful in showing geiuu’al rdationships tliat exist at presiuit. The 
xanthodman, repi'esented liy the (diiuesc and Japanese, is more nearly 
like the group of Igorots that resemble ihe Fiiropean, and the n^sem- 
blance of Igorot to xanthodenn may be clue to a European mixture in 
(;ac]i. On the oilier hand the reason for the resemblance of the Igorots 
and the protomorph may be that eaeii lias tlu' same fundamental type^ 
rejiresented in its make up. The Igorots that resemble the protomorph 
are those which are most like the Negrito, Here may lie the secret of 
the whole matter. Tlic Negrito or* pigmy forms tlie substratum of iho 
East; on Avhicb are engrafted in devious pvays and varying pro]> 0 !’iions 
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some of the early types of Europe^ and the many diiferent peoples of th(i 
East are the results of this varying mixture. This seems too simple to 
be plausible^ but the deeper the study the greater the jH^velations ol its 
truth. The type of Igorot that resemldes the hTegriio is not a proiio- 
morph but has protomorphic charaeters. Another type ot Jgorot iJiat is 
similar to Martin’s Senoi also has pi^otomorphie characters, i)ut they are 
unlike those of the hTegrito. The individual Igorot that resembles a 
true protomorph (No. 3) is an intermediate type^ unlike cither the Senoi 
or the Negrito. The protomoi^ph is not a true type, but a. composite or 
blend of other more distinct types. The Senoi itself is not a pure type!, 
but is mixed, as may be readily demonstrated. 

Judged by the canon of Eritscli and the artistic^ modulus of Gcyiu^ 
according to the classification of Stratz, the Igorot has characters of tbci 
protomorph, the xaiithoderni, and the leukoderm; does not resemble tlie 
melanoderm, but is in reality a inetamorph. The protoraorph charac- 
ters are due to the Negrito, the xanthoderm to a type found among 
Chinese and Japanese, but of European origin, tbe loukoderni characters 
to another European type. 

VII. THREE SELECTED TYPES. 

When the 104 adult male Igorots ai’e separated into the ilrroe groups, 
dolichocephalic, mesoceplialie, and brachycephalic, and these groups are 
subdivided according to the shape of the head outlines, three types, 2 
doliehocephalie and 1 brachycephalic, are separated with ease. (Eigs. 
11 and 12.) The remainder could be subdivided with difficulty, and they 
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Pig. 12. — Sagittal and coronal outlines of three Igorot heads to represent the three 
selected types : M, the outside solid outline ; A, the brohen outline ; N, the inner 
.solid outline. 

are not so treated because the individuals reseinble one or the other of 
the three types^ into which they shade insensibly. 

The dolichocephalic type M has a long, naiTow, high, square lieacl. The doli- 
chocephalic type A has a long, low, oval head with flat top that slopes gently 
forward. The occiput and forehead bulge slightly. The head of the brachy cephalic 
type N is low and round, and the forehead is receding. Other descriptive char- 
acters ai*e as follows: ' 


Character, , 

Type M. 

Type A. I 

Typo N. 

Kftir 

Straigbr oonrse niaob , , . , . - 

Straight coarse black— 
Brown 

Straight coarse black. 
Brown. 

ftkin 

Ooldoo-broxyn , j 

Brnws „ , 

rroavy,.,. 

Medimn heavy.. 

Medium slight. 

Short semi-anstraloid. 

Nose , 

Straight slightly aquiline *1 

Typical Igorot 

7S.7 

Large semi-australoid _„j 
Oval no lobule , , ^ r ' 

Pfl.TS 

Oval or round. 

Facial angle. 
Oocupati6n.-i 
Residence-*.. 

77.7 ' 1 

' 75.7. i 

Petty chiefs and councilors— 
Bontoe and Highland largely- 

Laborers, 1 policeman— 
All S regions — — 

Bay laljovers. 

Lowlands largely, ! 



The letters M, A, A, are selected for obvious reasons. ] l)e]i(iV(‘ tho 
three represent a type of the Malay, the Aborig'inal ol: t!u‘ East, and Hu' 
Negrito. 

fn addition to the descriptive charaetc*rs. the nieasin’inl oiu‘s an* given 
ill averages and in(lic(‘s, or ndativc^ faelors. (dhihh^ iX.) The (Tarai^- 
tej’s in which the three typos rescnnhle each otiun* an* nasal iiahcx, hair, 
relative sliouldei* width, eye width, relatives leg h'ngth and, relative* hand 
length, and it may hv. said that tliest* charaeters an* more represeniativt* 
of llie Igorots than any otlier, unless it lx* (,*y(* ('oLor whieli is so unil'ormly 
hrown in all Igorots, that ]i(> records are made. The dilferentiating 
eluiracters are chiefly stature, skin eoloig ears, head length, hraehial in- 
d<*x, cephalic index, total iiead height, relative lower fa(*e height, tin* 
distance between the eyes^ and the position of tlu*- innhilieus. T!u* iy]K*s 
jiiav be summarized as follows: 

Tijp€ J/. — The iiulivichials of this Iv|H‘ are petty chiefs, eoutieilors, (‘le., sviio 
reside chiefly in Bontoe and the higlilands of Bcngiiet. 'iTiey may ho dilfereniiated 
from other fgorots by their tallness and occasional light, goIden-hrowTi skin, 
heavy brows, slightly aquiline nose, and large ears that have a sipiare lobule, 
the lower border of \Yhioh terminates abruptly against the (ioniers of the mandible. 
Other distinguishing characters arc the head length and Jieiglii and the forebeatl 
width, which are greater than found in any other group of Igorots. The relatively 
long leg, small brachial index, ami high umbilicus arc* characteristics to b(* 
emphasized. The ee.plmlic index, nasal ind(‘X, and ear index arc the smallest 
found. Otherwise stated, the head, nose, and ears ar<^ longer and narrower than 
any others, The eyes are also farther apart, aTid the ii])per h(‘ad is relatively 
higher than the lower face, which is broad, but not hmg. 

Type A . — The members of this type are laborers (fanners, police, etc.) from 
all parts of Beiiguet and from Bontoe. Their differential descriptive chanuders 
are the unusually small statui'e, brown or dai*k brown skin, large, wide, llat. 
anstraloid nose, rounded or oval ear without lobule, and the relatively broad 
slamhlers. Their low, lung, oval, flat-topped head with ]»omhc hmdiead and 
narrow-eyes are distinctivt*. The arm and forearm are r(‘latively sliort, atul th(‘ 
bracdiial index is low. 

Type This type may lx; recognized r(*adily by its snail! s(.adur<% hrown 
skin, delicate brow ridges, Himill, round head with exeessively developed parietal 
and temporal regions, narrow, retreating forehead, short, nose, stnall r<nmd rnirs, 
and projecting jaws. The individuals of this type have relatively long arm.s ami 
forearms, short hands, and a high bratdiial index, T'he (j(‘phaHc index, is high, 
the nasal index low and the ear index high. Bspecially to be noted ar<*, the low 
umbilicus cdose to the. pubis, tbe relatively high total hcail height, due to the 
large lower face, and the narrow space between the eyes. 

There can be no doubt but that theae tlu-ee types are present aiiioijg tlie 
Igorots, blit rvhat tlioy represent is not so easy to (ieeido. ’Type M re- 
siaiddcs the European and it inay bo considered to be of European 
origin, recent or remote. Type X is in many re.spects like the Negrito, 
■and, is . positively identiiied with' tlie protmnorphs of Strata. I’ype A 
is mtermpdiate betyeen tbe other two, in many ebaraeters, and in otliers 
nebTly like .on the other, so. that it may, lie only an i,nterinediat(‘ 
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fonn, but it so it is Jiono the less definite, and as lumli a distinct tyijc 
as either of the others. 1 am inclmed to believe that this is one of the 
])L*iiiiitive forms from wliieli th(‘ In'orots are derived, because of tlu^ }a*oail 
i]OSe, siioi't stature, and louac low head wdiieli associate this type with tht; 
australoid peopdes. 

it will be necessary to compare the average Igorot with the three 
selected typ)es in order to determine to tvliieh the Igorot is more closely 
related. 

T])e truest atitliropomorphic characters should he contrasted to show 
this: therefore stature, cephalic index, nasal index, relative forearm 
lengtlp brachial index^ and omp)halie index are selected for comparison. 


! Type. i 

i ] 

Stature 

Cephal- i 
ic index. 

Nasal j 
index. | 

Belativc 
forearm. ! 

, ! 

Brach- 
ial index. 

Omplial- ! 
ic index, i 

i M 


74.4 i 

96.0 

14.4 1 

‘ 74.6 ' 

43.4 ’ 

' A 

146.6 

75.1 

97.7 

14.2 

i 75.1 

39.0 ; 

i N i 

1 150.3 

84.3 

89.4 . 

14.8 

so.o 

40.9 

xVverage, Igorot _ 

154.0 

78.0 ! 

92,7 

14.4 

7(>. 2 

41.1 

I Average, M, A, N_ 

153. 8 ' 

os 

■' 1 
1 

94,4 ’ 

14.5 

76.6 

41.1 


The average Igorot resembles N more than M or A in stature, nasal index, 
and omphalic index, but is more like M and A in cephalic index, relative forearm 
length and brachial index, in which M and A are nearly alike. If M, A, and 
each have had an equal influence in the composition of the average Igorot, then 
the average of the three should equal the average Igorot. If these two averages 
are different then the direction of the average M, A, N away from the average 
Igorot, and toward one or the other of the individual types, will indicate the 
direction of greatest influence. For instance, the average Igorot nasal index is 
92.7 and the average nasal index of M, A, N is 94.4 wdiich is nearer the nasal 
index of N than of M or of A, Therefore, the influence of IsT on the nasal index 
has been stronger than both of the other types. The same is not true of the 
stature, cephalic index and omphalic index for the averages are the same, hence 
the influence of each is equal. The influence of type 1^7, howev*ei’, has been greater 
than the other types in the relative forearm length and the brachial index. The 
average Igorot, therefore, has been molded in his makeup more by type N than 
])y the others, at least in nasal index, relative forearm length, and brachial index. 

Type N resembles the Negrito of the Philippines more closely than it 
resembles any other people and is clearly related to it^ if not an actual 
prototype. The Negrito is brachycephalie, type N is brachycephalic. 
The Negrito is platyrhine, type N is platyrhine. The Negrito has rela- 
tively long armsj type N has relatively long arms and forearms too. 
The average Negrito stature is less than 150 centimeters. That of type 
N is 149.5 centimeters. Tlie hair of the Negrito is kinky, but that of 
type N is straight. 

Type M is related to the European ' in , so many wavs as to leave no 
doubt of its origin. 

Type A, with its long, low, flat head, luoad face and wide/ flaring 
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nostrils^ its very small stature and low omphalic index represents not 
one type but two. Compared with Martin’s Senoi it shows many similar" 
ities^ and when the two are compared with type Nj the Senoi appears as 
if it were a blend of type A and type IST. In stature ihe Senoi is bei^ween 
A and IST^ but nearer the latter than tlie former. 

Comparison of types A, Senoi /, and N. 


Type, 

Stature. 

Cephalic 

index. 

Nasal 

index. 

Relative 

arm. 

Relative 

leg. 

Relative 

forearm. 

Brachial 

index. 

A 

146. 6 

75.1 

97.7 

43.6 

51.2 

14,2 

75. 1 

Senoi I 

149. 5 

80.0 

85. 8 

43.9 

52. ] 

14.0 

76.0 

X 

150. 3 

. J 

84.3 

89. 4 

44,0 

51.2 

14.8 

80. 0 







The cephalic index of the Senoi is exactly intermediate between the other two. 
The nasal index is less than either of the others, and is nearer N than A. The 
relative arm length of the Senoi is between the two, but nearer A than N. The 
relative leg length of the Senoi is greater than either of the others, but this may 
be due to a difference in methods of measurement. Martin used the pubic height 
and 1 the trochanter height. The relative forearm length of the Senoi is less 
than the other two, but the brachial index is in between and nearer A than N. 

These standard measurements place tbe Senoi in a somewh«at inter- 
mediate position between type A and the iSTegrito. The hair of the 
Senoi is frequently wavy^, which is an additional indication of ISTegrito 
blood. The Senoi of Martin (42) has a characteristic .ISTegrito ear. Tlie 
position of the Senoi in the Malay Peninsula, between the Seinang 
( iSTegrito) of the north and the Malay of the south would indicate that 
they represent a mixed race/ the result of the blending of two others.^* 
Martin has unconsciously revealed a new race which is not the Senoi, but 
enters into their composition and is the same as type A. 

Skeat and BladgenC54) find three races in the Malay Peninsula*. Semang, 
classed as ^Tegrito; Sakai, or Senoi who are dolichocephalic, wavy-haired, and 
taller than the Seraang, but have been modified by the Seniang on one side and 
the Malay on the other, the latter people constituting the third race. The Sakai 
may be regarded as Dravidian, and so allied to the Veddahs of Ceylon, or as 
related to tribes in the interior of Gamboge, 

Martin associates the Senoi with the Veddahs, and the latter are closely 
related to the Igorots. The average stature of the Veddahs is 153.3, of the; 
Igorots 154. The Veddahs are ortho-dolichocephalic, the Igorots, hypsi-dolicho* 
cephali^. The nose and face of the Veddahs are not so wide as the Igorot’s, 
and the arms are 47 per cent of the body length, while the Igorot^s are but 44 
cent. The Veddahs have straight or wavy hair, while the Igorot hair is 
almost invariably straight, although an occasional wavy-haired individual may be 
found(Vl). 

® Dr, Barrows, Director of Education, who has made an extensive and intensive 
study of the Eilipino peoples, tells me that the three types described by Martin 
axe to be found in different iocalities in the Philippine Islands, and represent 
the ' Negrito,, ;the'^Malay, and a blend of the, two. 
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P. W. Schmidt (51) compares the Indian, southeastern Asiatic (Moii Khmer 
Volker) and the inhabitants of the Malay Peninsula in physical characters and 
language, and concludes that the ‘‘Mon Khmer Volker” are intermediate between, 
the others not only geographically but physically and philologically. The Indians 
are uniformly dolichocephalic, the Mon Khmer are dolichocephalic, mesoceplialic 
and bracliycephalic, and the Senoi are mesocephalie. The nasal index of the 
Indian is mesorhine and platyzhine, the Mon Khmer are leptorhine, the Senoi 
are mesorhine. The Indians are tall, the Senoi are small. The language, however, 
is the basis of Schmidt’s argument that the “Mon-Khmer Volker” represent a 
link between the people of India and Oceania, or as he expresses it: “ein Bindeglied 
zwischen Vdlkern Zentralasiens und Austronesiens.” The works of Keane(21), of 
Eisley, of Lapicque(23) and others sujjport this view. 

One may go even farther than this, and select European types that 
are represented througliont the East among the aborigines. Three or 
more primitive European types may be segregated among the EiU|hnos 
of almost any part of the Islands by careful selection, and at least two 
of these are represented among the Igorots, one in type M and the otlier 
in type A. In each type the European has crossed with the Negrito, 
and the result is two entirely different types. 

The European represented 1)y M was a inediimi sized, stockily built 
individual, with straight, heavy nose, long, square head, straight, black 
liair, and oblong ears. These traits have persisted with the alteration 
of skin-color, face and nose width, and stature due to the Negrito. The 
nearest living related type to this primitive European is the ‘‘hig cere- 
bellum ed, box-lieaded Bavarian of Eanke’T^). This type is present 
largely in the Spanish population of the Philippines, the data on which 
I base this statement being reserved for future publication. Type IL 
or near relatives of it, may be found wherever the so-called Malay has 
settled and represents a distinctive Malayan type. 

The European represented by A w^as a small individual with long low 
head; black, straight hair, and round, flaring ears. The present Euro- 
pean prototype is tlm Iberian, or Mediterranean race of Sergi. The 
union of those traits with the Negrito resulted in a small, dolichoce- 
phalic, broad-nosed type. The mingling of types M and A with the 
Negrito and tlioir recent contact with the Negritos of the Philippines 
})rodueed the Tgorot (M, A, N). The process of amalganiation has 
been a long one, and it is not yet complete. The European migration 
eastward was in early prehistoric times, probably Paleolithic, when the 
types of white men wex'e more distinct than at present, yet fewer in 
number and not so differentiated. x\iiy hypothesis to explain the 
amalgamation of three different types, and the production of the Igorot 
by this amalgamation, presupposes at least three things : The segregation 
of unit chaiucters in allelomorphic pairs, the dominance of one unit 
character in each pair, and the appax'ent disappearance of the other unit 
character. For instance the head of the Iberian is dolichocephalic, that 
of the Negrito is braehycephalic. The head of type A is dolichocephalic, 



and in order to accoiiiit foi* tins it in iieeeir^sary to oonnider the i)r<)ad 
head and the long head as unit eliaraeters of an a1l(‘lonior[>liie pair, with 
the long head dominant. ►So the nose of the Iherian is leptoihinc, that 
oi: the hTegrito platjrhine; and the nose ol: type A is [jlatyrhiiuy therefore, 
the wide nose is dominant. Many factoj*s^ sneli as environiiuait, natural 
and sexnal selection, the relative nnmher of each iyp(‘ wdheli eid(3r into 
the ainalgainated product, the time dnring whicii amalgamation has 
progressed, etc.^ exert an indnence that must be reckoned withd^*^). 

The broad nose of the aboriginal persists by sexual sehadjon, 'Tlu^ 
long head of the Iberian witli greater nicnital capacity than the Negrito 
persists by natural selection. In order to illustrate the amalgamated 
condition of the Tgorots at present I have prepared a simple diagram 
(dg;. 13) to supplement iny theory of heredity (•’) . 

VIII. A SUPPLEMENTARY THEORY 01^' HBUEDITY. 


Mhen dominant and recessive meet in equal numbers the proportion 
in the second generation is 3 dominant to 1 recessive, and this proportion 
remains the same in future generations. 



Hardy has demonstrated by simple mathematics, that a dominaui 
character such as brachydactyly would not tend to iiujrease in a mix(‘d 
population after the second generation, in the absonet? of counteracting 
factors. Were Mendehs laws continuous in their operation throughout, 
the life history of an endogamous people who represent two* olementai'v 
species crossed, then one would expect the two to remain distinct and in 
definite proportions. Bui suppose MendeTs laws act for only a limited 
time, after which blending begins, then in the course of time the two 
elementary species would disappear by becoming absorbed in the blend, 
and a variable blend would result, the individuals representing every 
gi*ade of difference ' bet’ween the original types. The blend may .even 
become so perfect, as to form a new elementary species' if time is long 
enough and; inbreeding' sufficiently strong. The new species may 
unlike, 'Cither of the o,riginal and, not; 'a, perfect blend of the' two beeauso 
'of: dominant, factors, and^ through extraneous influeiK^es, ^ 
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The aceoiiipanying diagram illus- 
trates my ideas in several ways. 

(Tig. 13.) 

Point 1 is where tlie two types meet. 

Between this and point 2 there is true 
Hendeliaii liereditj\ At point 2 blending* 
begins, and continues afterwards. Prom 
point I to point 3, spurious Mendelian 
heredity exists, because the blend conti- 
nually crosses Avith the other types 
and creates endless confusion. Between 
points 3 and 4, no Mendelian heredity 
is found, but two tendencies exist, the 
persistence of tyi^e and the tendency to 
fuse. The diagram shows at a glance 
the relative number of each type at any 
given time. 

In order to apply this scheme to 
the Igorot it is necessary to consider 
that three elementary species have 
united. First the Iberian and the 
Negrito blended and were in the 
condition of no Mendelism repre- 
sented by type A or by the Senoi; 
then they were joined by type M, 

M^hich was also in the condition of no 
Mendelism, resulting from the fusion 
of the Bavarian and the Negrito. 

The fusion of types M and A was in 
piYjgress when the Negrito was again 
encountered since the arrival of the 
Igorots in the Philippines. The 
mingling of the types was probably Fict. is. — SebemeAo supplement my theory 

more frequent than I have repre- 
sented it, the crossings and reerossings more complex, and out of the 
moil of men through ages is evolved the Igorot. 

A definition of elementary species wbicli is of interest in tbis connection lias 
recently been given by Spillman(55). This author illustrates clearly by a field 
of corn that each elementary species is ^‘merely a cross section of a real variable 
species, and that the major part of variation is accounted for simply as a result 
of the recombination in each generation of Mendelian characters, each of which 
may vary between wide extremes, just as a species varies under the Darwinian 
theory of evolution. Under this view, a so-called elementary species is simply 
a completely homozygous form, which necessarily reproduces itself with ab>solute 
fidelity (my perfect blend).® The results secured by a breeder of so-called 
elementary species are a necessary result of Mendelian behavior of Darwinian 
characters.”' - 

® Inserted by the author. 

: ; ' 78S22 : — 4 A ' : ' * 
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The measuremeats of a few individual Igorots are given to illustrate 
the combination of different cliai*acters in single individuals. 


Name. 

Height. 

Cephalic 

index. 

Nasal 

index. 

Facial 

index. 

Far 

index. 

Hkin. 

Nose. 

Age. 

TlnhaniPf 

1-42 


95 

80 

58 

Brown 

Australoid.. 

33 

Ocei 

146 

82 

83 

73 

57 

Light brown „ 

Aquiline 

18 

OhAl 

150 

86 

93 

76 

51 

Brown 

Australoid 

65 


158 

*73 

72 

71 

49 

do 

^(lo 

37 

Mnra, 

158 

78 

95 

1 80 

53 

do 

Aquiline 

35 

Peso 

158 

86 

95 

1 

48 

Dark brown 

Australoid.. 

25 

'M’n-Np'i*! 

168 

74 

93 

78 

50 

Brown 

do 

50 

Palasi . 

168 

7‘2 

95 

84 

48 

do 

Aquiline ___ 

45 

Canutu 

170 

SO 

1 

j 82 

i 

i 81 

! 

54 

Light brown _ 

do 

24 


Three small Igorots, three tall Igorots and three medium-sized I'gorots are 
selected. One of the small men is dolichocephalic, one is mesocephalic and one 
is braehy cephalic ; the same is true of the inedinin sized, but two of the tall 
are dolichocephalic and one is mesocephalic. One individual in each trio has 
a narrow nose, whereas two in each have very -svide noses, and a similar condition 
is true of the face and of the ear. One tall and one small individual have light 
brown skins, and one aquiline nose is present in each gi’oiip. The Igorots are 
not yet completely fused in all characters, although the fusion is more marked 
in some characters than in others. XJabang represents type A, Obal the Negrito, 
while Oei is neither. Palasi represents type M, to which Na-Ngis approaches 
closely, but from which Caniitu diverges, although the tallest of the tbree; 
Anoka, Mora and Peso represent blended types. 

Finally, tlie exact nieasiirexnents .of two Igorots and an American are 
placed together for comparison. 


Oamparadive measurements of 2 Igorots mul a Oanmsmi man {the first two 
were measured at the same time and plaee). 



Measurement of— 


Height 

Shoulder - 

Umbilicus * 

Pubis. ' 

Knee 

Upper arm ' 

Forearm 

Hand 

Head length 

Head width. 

Head height ... 

Forehead width (narrowest part) 

Biaygomfttie-...-. ... 

’ ,CMn-nasion.-... : 

'"‘Wid'tli of nose ........ 

Length of nose 

'B.etween eyes^;..— A...— 



Igorot 

(Martin). 

Cauea- 

sitm. 

Igorot 

(Mora). 


cm* 

cm. 

cm* 

... 

152. a 

172.0 

157.7 


126. 6 

142.0 

129.8 

... 

90.0 

104.0 

92, 5 

... 

75.6 

82.0 

78.4 



40.8 

47.0 

42.4 

... 

30.4 

31,0 

31. X 


21. 9 

22.5 

22.3 

i 

17.8 

19.5 

16. 1 

... 

19.6 

19.7 

19.2 

... 

■ 14.8 

14.6 

14.9 

... 

13.2 

13.0 

13.4 


10.1 

10.4 

10,4 



13.6 

\ ,:13.7 

14. 2^ 



ILl'. 

11.3 

11.4, 

... 

,.3.5 

3.4 

4.0 


' 4,4 

4.6 

'/ ' 4,2 


'/ 3.3 


3.5 

.... 

. '/ ,45 

1 , "’4d 

' '35? 
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The simplest explanation of all the phenomenal variations jieretofore 
presented seems to ]je that the Igorot has been isolated loiio- eiioiigii to 
reaeli the amalgamated stage of no Mendelism. 

Tlie unit characters in all individuals liave not blended, hut oeea- 
sionally manifest tlie character of the original type in a diversified way 
as represented by the nine Igorots, and not inlrequenth^ an indivldiiial 
of almost pure type appears^ who is a true European (j\[artiii). Tliese 
are bnt relies of a departed Mendelism. 

Efforts to reconcile i^Iendeh's laws with the prevailing vievrs of bleinled 
effects in heredity need not ho nnawailingx if the two may l>e considered 
as phases of the same process acting at different times during the life 
Ip story of an elementary species. 

Heredity represents all the changes of organic life by three factors ('>) : 

1. De term inants j wliicli are in the germ plasm ; 

2. Modifiers, -which are all influences tlirough time and space that act on the 
g-eriu plasm; and 

H. Laws of chamje, which are the rules (jf conduct by which the determinants 
and the modiliers interact. 

Tliese factors are variable when looked at throngh all space and during 
all time;, but for any elementary species in a given sijace ancl for a 
limited time they are fixed, 

I> and R (Bg. 13) represent homozygotes of an allelomorphic pair tliat meet 
at 1 in sexual union, ])egin to ble-ud at 2, present the picture of a variable blend 
nt 3, and fuse completely into a perfect blend at 4. A cross section of the 
diagram above line 3 represents the relative number of individuals of the 
different kinds present at that time. The width of the diagram also indicates 
the amount of %^ariation at any time. I)=homo 2 ygous dominants; R=homozy- 
gous reeessives; DR =: heterozygotes ; B'=:a variable Mend ever increasing in 
number with each successive generation; while B, R, and DR decrease to dis- 
appear entirely at 3. B “ represents the continuation of the blend without either 
of the originals of the allelomorphic pair, but with all shades of intervening 
characters blending in various "ways a.s influenced by ancestry and by eiiviroment,. 
until a homozygote is formed at 4. 

From 1 to 2 true Mendelism exists, spurious Mendelism is found from 2 to 3, 
and from 3 to 4 no Mendeli»sm is present but two tendencies prevail, (a) the 
!'e version to type, and {!)) the tendency to Mend. 

The tliree Mendelian (?) conditions may exist, at the same time in 
a single, individnal, one character exhibiting true Menddisnij another 
false and a third, no Mendelism, or only one condition may be present 
at one time. 

Davenport and. DavenportOS) have established true Mendelian hered- 
ity for eye color in man; Bateson (2) has designated many conditions in 
man which indicate spurious Mendelism; and BoasCi^! 8jS> lO) has sug- 
gested the two hereditary tendencies above mentioned (« and h) when 
broad headed and long headed or wide faced and long faced individuals 
are united in marriage. 
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My records of negroes of white students ( 4 ) ^ and of the Filipinos 
suggest that composite types (elementary species?) of men when crossed 
with opposite types follow the laws of Mendel for nob many generations, 
then begin to blend, and eyentually fulfill the requirements of my scheme 
delineated abore. At present all mixed races are probably in a con- 
dition of spurious Mendelism or no Mendelism. Among the negroes in 
America ihe Hottentot is rarely seen, the Kaffir is often encountered, 
and the Guinea Coast negro is abundant, but the nurjority of the negro 
population represents a variable blend of different negro types, and a 
large niimher of mixed bloods. Among 1,000 students at Ann Arbor 1 
observed a few of each of the types of Europe, such as the Ib4rian, 
Northern, Alpine, Celt, Littoral, and Adriatic, but the majority of the 
students were variable blends, and the pure types were not exactly like 
the prehistoric types of Europe from which they were probably derived, 
although similar to them in many ways. During the past year my 
anthropometric investigations have included the Filipinos of many prov- 
inces, but especially the Igorots. Here as elsewhere pure types are rare 
and blends are plentiful. Three primary types are found among the 
Igorots, However, none of these are pure, but one type resembles the 
Kegrito, another, one of the prehistoric types of Europe, while the third 
is unlike either of the others, but not a blend of the two. The majority 
of the Igorots represent a variable blend, and they have been so long- 
isolated that a condition of no Mendelism has been reached. There is 
conclusive evidence of the persistence of type, 3 ^et the tendency to blend is 
emphatic. 
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ILLUSTRATIONS. 


Plate!. (Frontispiece.) Dress of a typical Bontoc ig’orot of the better class. 

II, Three types of igorot noses. From left to right aquiline, straight, and 
aiistraloid. 

ill. Three types of Igorot noses. From ieft to right aquiline, straight, and 
aiistraloid. 

IV. Two straight nosed Bontoe Igorots. 

V. Bontoe Igorot with typical ear and aquiline nose. 

VI. Bontoe Igorot with typical ear and straight nose. 

VII. Bontoe Igorot woman with typical Igorot ear and straight nose. 

IsTegrito man with typical Negrito ear. 

VIII. Negritos with typical Negrito ears. 

Figs. 1 to 13 (in text). 

Tables I to IX. 
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Table i. — Xaliriftf. 


1 Average! 
I age. 

Nativity. 


7 ! 

V 1 Total. ' 

i 

1 20 

Lepanto-Bontoc: Remote and inaccessible 


15 

1 

15 1 

1 


(Atoc (2,000 

42 

! 

10 

33 

Highland: Mountains and inaccessible 







Icapangan 1/ 

21 


[ ! 



Ivahfl.yan. .. j 

9 


! 

22 


Bftgnin . i 

8 



! fa) Valievs and open country 

Trinidad j 

6 


30 



Rngnifls _ i 

5 




1 

■Dfl.hlan 1 

2 




1 

Bulalacao i 

4 





Lnkbar 

2 




(b) Baguio and vicinity | 

Cayapa 

Rfliiii 

1 

a 

I 

1 27 ! 

; 


T.on . . T 

1 



' 26 

TotjTl - - 

Others 

18 

j 

1 

145 



1 


i 



Table II. — ’Stature, in oentimeiers (adults). 
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CO 

00 
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1 1 

Roritoc. Tgorots ’ 
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2 

2 

2 

1 

1 

3 
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Ta blk ^U, - h^lutu r(\ i n rrn / 1 meh'i s ( a<l iiUs) . 


Nativity. 


Lepanto-Bontoc* - — 

Highland — 

Valley. 

Bagnio and vicinity 

Total 

Adult negioes of America 

Higland women 

Boritoc (Jenks) 


Number. 

Mean. 

Mini- 

mum. 

11 

li>H. 6 

1 Ih. 0 

16 

151.9 

1 12. 0 

22 

153. 6 

111.0 

22 

U9,l 

1 12. 0 

101 

151,0 

1 12. 0 

136 

... 

"^151.0 

10 

116.7 

135.0 

32 

160. 3 

i 14. 0 


Maxi- 

mum. 

Mode. 

Median. 

h)6, 0 

161.0 

1.59. 0 

170. 0 

152.0 

151.0 

162,0 

148. 0 

152,0 

162. 0 

150.0 

150.0 

J70.0 

150 0 

153.0 

195.0 

165 0 

lOH.O™ 

1.51.0 

183. 0 

116.0 

116.0 




Ta>3LE IV.—Companson of slaiurv with u(jr {mah'H). 
IGOROTH. 


Age. 


6 to 9 .. 
10 to 11 
12 to 13 
14 to 15 
16 to 17 
18 to 19 
20 to 29 
30 to 39 
40 to 49 
60 to 59 

60 - 

66 ...... 


Number. 

Mean. | 

Mini- 
mum. ! 

Maxi- 

mum. 

Mode. 

Median. 

2 

97.0 

92 

102 



2 

121.0 i 

114 

128 



7 

122.5 ! 

1 

111 

126 


124 

6 

133.3 

130 

13S 


133 

13 

141.9 

331 

158 

Ill 

342 

8 

152.7 

118 

162 

152 

152 

19 

150.0 

112 

162 

140 

148 

43 

156.0 

148 

170 

156 

156 

18 

155.3 

142 

162 

lU 

154 

10 

155.0 

114 

1 168 

151 

151 

3 

161.0 i 

15(5 

16B 


160 

1 

160.0 

160 

160 

! 160 

160 

1 

150.0 

350 

150 

I 150 

150 



L ' 


1 


l 


AMERICANS.'^ 


Age. 


7..„ 

10 .-. 

11 -. 

12.-, 


Number. 


203 

410 

544 

565 

546 

496 

660 

569 


Helglit. 

105.78 

110.67 

115.69 

121.31 

125,86 

130.95 

134.90 

140.29 


Age. 

13 

14 

15 

16 .... 

17- 

18.. 

19 

20-.-.-.-. 


Number. 

Height* 

51-5 

145.09 

435 

151.02 

327 

158,18 

218 

163. 73 

512 

369.1)8 

723 

171.07 

796 

171.81 

736 

17122 


S' Hastings, 8,245 individuals. 
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Table IY. — Comparison of stature icith age {males) — Continued. 
EUROPEANS^ 


Age. 

Height. 

Age. 

Height. I 

Age. 

Heigl 

5 

105.6 1 

11 

135.4 i 

17 

167. 

R 

111.1 1 

12 

140.0 

i 1.3 

169. 

1 - 

116. 2 

i 13 ! 

145. 3 

i 1ft .. 

170. 

i 

121.3 

1 

152. 1 

i 26 tA 9q 

172. 

a 

126. 2 

1 15 .... 

! 158. 2 

1 36 in 34 

172. 


131. 0 

i ■■ 

{ 16 , 

165. 1 

] 34-!-— - 

i 172. 






1 


aTopinard, 1,104,841 individuals. 


Table Y. — Ahsohite length of upper arm (bracldum ). 


Group. 



lO 

rH 

to 


□6 

CR 


CM 

(M 

CO 

CM 

C.1 

if£ 

a 



00 

CS 

<M 

d 

CO 

tH 

CO 

c-i 

CO 

CO 

to 

cS 

id 

to 

d 

to 

i4 

CO 



d 

Total. 1 

Bontoe 













1 

1 

2 

2 

5 

0 

1 








14 i 

Mountains . 













3 

10 

8 

13 

4 

4 

2 

1 







45 i 

T,o'iv1fl.nd.<! 











1 

8 

9 

8 

7 

6 

2 

3 


.. 







j 

44 ‘ 

Adult tuales 











1 

8 

13 

19 

16 

22 

12 

8 

3 

1 






1 i 

103 

Wnrpeu 










1 

2 

3 

1 

0 

1 

2 




\ 

L. 






10 1 

■Ruy*?, pi to 1 ,5 






I’j 

1 



4 

4 

6 

1 

2 






i" 

i 






19 

Bovs, 10 to 12 






1 

1 

2 

1 

1 


1 



r" 

-..L_ 



r_ 

r" 

i— 







Boys, 10 and less 

1 


1 

1 



1 


1 



1 




i 



1 " 

i.. 






5 











1 



h 

1 




i 








Table YI. — Ahsohite length of forearm {antehraehiuni) , 


Group. 

c4 

w 

CO 

r*i 

3 

to 

*91 

r-i 

00 

d 


r-i 

(M 

CM 


rji 

CSI 


26. 

ca 

so 

(M 

05 

TO 

TO 

Total. 

Bontoe 








1 


1 

2 

4 

2 



1 





13 

Mountain 








1 

5 

13 

13 


0 

2 

3 






46 

T,owland.s . 







2 

2 

8 

7 

7 

7 

5 

2 

1 

1 





42 

Adult male 







2 

4 1 

13 

21 

1 

22’ 

18 

9 

6 

4 

2 





101 

■WoTueu , . - -r 






1 

1 

1 

2 

3 

1 

1 









To 

Boys, 1t2 to 1.5 






4 


1 

5 

4 

2 

1 

1 


1 






19 

Boys, 10 to 12 , 




1 

2 

2 















5 

Boys, 10 and less 

1 

1 



1 

2 











j 




5 








c 








C 








Table VII, — Ahsohite length of hand (mmus). 


Group, 

10. 

11, 

12. 

13, 

14. 

15. 

16, 

17. 

18., 

19. 

20. 

Total, 

Bontoe 






1 

2 

, 2 

3 

4 

X 

IS 

Mountain 


.. 

1 

1 

7 

8 

14 

10 

3 

1 


45 

Towiaufl ,,, „ 



1 


6 

10 

11 

6 


4' 

1 

43 

AAultrnalA 



■ 2 

1 

13 

19 

27 

18 

10 

9 

2 

101 

tVouioo. 


1 


2 

1 

3 


2 




10 

Buys, 12 to 15 . 


2 ; 

3 

2 

3 

3 

5 

1 




19 

Rnyfi 1AtAl2 

1 ^ 

1 


1 

1 ; 

2 

' 2 






7 

BuySj 10 and lAps 

1 


, ^ 


1 







' 
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Table VIII . — Standard accordinff to the canon of Frilsch. 


Nck 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

18 

f)0 

Z 

m 


T>1h*. 

lAK‘alHy or rat*(‘. 

f4oiif.h Anioriottii infln . 

Author. 

Strato 

ao 

do 

do 

Mod- 

ulus. 

(5. 50 

7. 25 
7. 50 

7. 90 

0. Of* 

0. 80 

t>. 85 

8.00 

7.11 

6. 75 

Upper 

head 

height. 

1' 

1 

Extre 

leip 

Upper 

• i' 

1 

- 

i 

mity; 

<th. 

Lower. 

■'i 

Melanodcrm 

Xiinthodenn 

Negro inati- 

Chinese man 

man __ „„ 


Karaya maiden 

do 


I)S(!hagga maiden 

do 

Yfl.nihfideriTr 

Japanese tyotnan , , , ^ 

do 

Lf'tili'oderTn 

1 Bliin Aland Vi.mnifl.n , 

do 

PrAtrnnorpli 

AnRt^,ralion \VAmfl.n 

do 

. do 

do 

Ranke 

do 

Papuan man - 

Stratz 

0. 70 


-*j- 


do 

Bnshman 

Deniker ....-i 

7.10 


(”) 

1 

(") 

,dn - 

TTottentot woman ... 

Bonaparte-™ 

7. 45 

Motn.Tnnrph 

TgoroJ man *■ . _ 

Bean — - 

7.80 


1 


PrntntTfinrpli 

do ...._ 

.„.J„do 

7.40 


,j, 


Metn, morph 

....do MM,, 

«.do 

7.90 


1 



i 







Not given. 


Table IX . — The selected, types: averages^ and, indices or relative factors* 
ABSOLtTTE— AVERAGES. 


Type. 

Num- 


Width 

Head 

Head 

Pore, head 

Between 

Eye 

her. 

iStHtl 1 i 0* > 

shoulders. 

■ « .. 

length. 

height. 

width. 

eyes, 

width. 

M 

8 

164. 5 

86. 1 

19.4 

18.8 

10.5 

8.(5 

2.9 

' A-* 1 

9 

146,6 i 

1 38.5 

18.8 1 

12,6 1 

i ^ 10.2 

8.8 

2.7 

N 

8 

150.3 ’ 

1 88.1 

17.7 

12.8 

j ' 10.2 

8.1 

2.9 

' Senol I 

17 i 

149.5 


17.9 

12.2 

1 10.2 

1 8.4 


Average Igorot 

104 

154.0 

' . 34.8 

1 18. 8 

12.9 

10.8 

8. 85 

1 

2.85 I 


RELATIVE— INDICES, 


Tji'pe. 

1 

' th 

3' 

Forearm. 

fl* 

<A 

A 8 
w'S 

03 .S 

N' 

m 

•o 

1 

A3t3, 

H 

0 

Xi 

1 

5f7 

H 

0) 

'Ct 

.s 

1 

Artistic ; 
canon. j 

B 

fill's 

|3 

o 

os N 

ja « 

a*'" 

o 


44.8, 

51,9 

'14.4 

10.8 

74,6 

22,0 

74.4 

9(J,0 : 

62.8 

7.4, 

29. 4 j 

48. 4 


48.0 

51/2 

'14/2 

10.8 

75.1 

22.9 

75.1 1 

' 97. 7 

55.8 

7.0 

29.8^ 

39.0^ 


,44.9' 

,51.2 

14.8 

10,7 

80.0 

22.0 

84.8 i 

89.4, 

55, 6 

7/2 

32,6 

40. 9 

Seiioi I A,....——™.,'-' 

48., 9 ' ' 

52.1' 

14. 0 

11.2 

76.0 


80,0 

85,8 


a 00 

80.0 


Average .Igorot, .. 

,44.0 

61.6 

14.4 

10.5 

76.2 

22.6' 

78, 0 i 

92,7 , 


,7.1 

81.0 

41.1 




A GEOLOGIC RECONNAISSANCE OF THE ISLAND OF 
MINDANAO AND THE SULU ARCHIPELAGO. 
1._NARRATIVE of the EXPEDITION. 


By Wareex D. Smith. 

{From ihe Division of Mines, Bureau of Scicneo.) 


CONTENTS. 

I. InO-’RODTJCTION-, 

II. Previous ie^^^stigatioe^s. 

III. General geographical description. 

IV. People. 
y. Climate. 

YI. The narrative of ti-ie expedition. 

I. INTRODUCTION. 

Tile Mining Bureau of the Philippine Islands, and subsequently the 
division of mines of the Bureau of Science, has now been in existence 
approximately ten years and during this time its scientific employees 
have visited nearly every part of Luzon and the Visayas, but up to the 
present the large southern island of Mindanao has been neglected. The 
}*eason for this is twofold; work was necessary in. other and more im- 
portant fields and only recently liave conditions been such that travel 
in the greater part of Mindanao has been possible without a regiment of 
soldiers, although even now it is necessary in many places to take a de- 
tachment of from three to twenty men, as the Moros are still disturbing 
the peace in certain quarters. 

One or two localities . on the coast were visited by members of the 
Ouerpo de Ingemeros de Mims during the Spanish regime and I shall 
allude more fully to their work in the following pages. 

The existing dearth of information in regard to this island led 3.ne, 
as chief of the division of mines, of the Bureau of Science, to undertake 
a general reconnaissance of Mindanao and the Siilu group. Such a gen- 
eral view is necessaiy fox planning future systematic and more detailed 
study. ' , 'V V' , 

The following four objects were, in mind in beginning this expedition: 
'(1) The rapid reconnaissance mf the geology; examination . of 
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certain special areas likely to prove ot (‘conuinic interest ; (3) topographic 
route sketdiing, and (4) sciuiritig a knowledge' of the work of the 
prospectors in the Held. 

The party consisted of Warnni J). Smith, geologist in ('hargi^; Mauric(^ 
Cioodinan, mining engint'or; Itarry M. .hdvis, lo[>ogra|)h(‘r ; iiohert .N. 
(darkj assistant; as well an l/ua, denaiit (lharles S. CaUVry, Utiitcd States 
Army., in cluirgi^ of tlm military (‘seort. T\h^ jf)iirmy was only made 
possible by the assistaiua^ of the latter and om* thanks ao? dm; to (lema'al 
'’.Fasker H. Bliss, governor of the Moro Province, ami to Iji(‘ut(‘nant 
(tdfery for their (cordial assistanee. 

The map at the beginning of this j)aper shows the position of Min- 
danao and the .Siilu group with relation to remainder of tlu^ Archi- 
pelago. Eouglily^ these islands lie between the parallels 5" and JO'' 
north latitude and between 119'^ and 127'^ east longitude. Idu' route of 
the party is indi(?ated l)y the heavy line. 

The work was divided as follows: That on tlu* 2Jaiul)oaii^ni Peinnsula and tlu* 
Suln group was done by W. D. Siriiih aceoinpaiiicd by Lientciamt (,'harh.*s S. 
Caffery; the vicinity of Cagayan and Jligan, Misauiis lUnvincv, was investigated 
hy H. M. IckiSj assisted by \L N. Clark; W. 1). Smith and 11. M. Ickis., accom- 
panied by Licnieiuint CalTery ,aiul an escort, surveyed from ('amp Overton iliroiigli 
the Lanao Lake country to (kWahato and from ('otabato to Davao; the asctmt 
of Mount xlpo was made by W. 1). Srath, Maurita* Coodnuim and IL M. Ickis; 
Maxirice Goodman and H. 'M. Ickis went from Davao up 4'agum and Salmg 
Rivers to the headwaters of the Agusaii and themn' to 'Jhilacogou, Maairicts 
Goodman then jjrocccded to Surigao.and IHaeer, wliile U. M. fekis imtdc a recom 
iiaissance to Satx de Bislig and back to Tahtcogon. 

11. RKEVIOUS WORK OF A GFOGRAPJnOAL OR GROLOOIO MATURE JN 

MINDANAO, 

No attempt will be made to revieuv tlie work of all the men wlio have 
undertaken expeditions through the southern islamls of the Philippine 
Archipelago. I shall confine my attention to tlioBC who have contriliuted 
in a marked: degree to 'our knowledge of 'their geology and geography. 

/y, /Hwiirst map of Mindanao which is at all accurate was made by the trcBiiit 
'lathers.:;' Df' course,, 'this map is' based 'on little or' no triangulation, 'but when 
ihe';si^e), nature of the country, and state of the natives are considered the work 
reflects gre'at credit upon those who did 'it. 

Since ;"''ihe;' American occupation 'the.' United' States Army has done ' practically 
all .tho mappir^'' Which; has been aoeompliahed'rn 'Mindanao* The work of this 
organization has been excellent* Besides making route maps of all the country 
traversed in the course of its expeditions, it Ms begun a progressive military 
map Which shows the topography by contours, based on triangiilation. This will, 
when completed, be by far the most accurate work dope over so large an area by 
any organization in these Islands. 

' A The United' State$:ipoa^t,hn4 Geodefee, .Suweyds now engaged in surveying 
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]\Iueli less lias ]>een accomplished in relation to the geology., but there is ample 
excuse for this lack of results. To use the expression of Dr. G. D. Becker, "hiieli 
work in a country where the natives are not on the best of terms with you is 
more exciting than profitable.” 

Among our Spanish predecessors, Sainz de Baraiida, Centeno, Montano, Espifia. 
and Abella have contributed to our knowledge of the geology of Mindanao. Tbe 
work of the latter was confined almost entirely to the Misaniis region, but it is 
the liest of all the contributions from that part of the island. 

The following apjiear among other Europeans who collected in Mindanao or 
studied its geologw : Semper, Kichthofen, Minard, and Keiiard. Iv. Martin worked 
on some fossils Avhich came from Mindanao and Oebbeke described certain rocks 
collected on that island. Martin and Oebbeke have never been in the region. 

Dana, Ashbiirner, and Nichols w'ere Americans who visited Mindanao before 
the American occupation and who contributed to a knowledge of its geology and 
finally, Dr. Becker was in the Arcdiipelago in 189S, just at the outbreak of hostili- 
ties with the natives. 

Giiillemard and Becker seem to have been the only investigators who touched 
at any part of the Sulu group. The former barely mentions Cagayan de Siiln. 
and the latter could only study the islands from the deck of the vessel, as the 
natives were at that time in a very warlike humor. 

Dr. Becker^ in his report gives a brief summary of the previous work in 
Mindanao and the following is a quotation : 

‘■'Concerning the great Island of Mindanao, only scattered observations are 
available. Sainz de Baranda- noted the occurrence of serpentine on the east 
coast of the island at Canmaliat and in Misamis Province at Pigtao, Mr. Centeno 
states that at Pigliolugau, near Cagayan, in the Province of IMisainis, there are 
quartz veins in talcose schists. The auriferous districts of the Province of 
Surigao may, he points out, be regarded as a eontiimation of the Misamis district. 
The most notable deposits here are in the mountains of Canimon, Binuton, and 
Canmaliat, a day’s journey southward from the town of Burigao. The terra ne is 
here composed of much altered talcose slate and serpentine.® Mr. Semper collected 
on the Maputi, w’hich is an upper tributary of tbe Agusan Paver in Burigao. 
Here he found a uralitic gahhro and a chloritized, aphanitic, augite-plagioclase 
rock, containing a few plagioelase phenocrysts. The specimens have been described 
by Mr. Oebbeke.'* They are probably facies of the melaphyres found by Mr. Montano. 
j\Ir. Asbburner examined a slate belt in the extreme northern portion of the island, 
about 8 miles to tbe soutlnvard of the town of Burigao, at the headwaters of the 
Cansuran Piver. It contains auriferous quartz stringers, Mr. Montano collected 
melaphyres at a number of points in eastern Mindanao. Such are the eastern 
shore of the Bay of Butlian, tbe eastern coast of the island between Bislig and 
Ca tel, and tbe divide between the waters which flow northward into Butuan Bay 
and those which flow southward into the Gulf of Davao. The river of this 
southern drainage basin Montano terms the Sahug. Other authorities give it 
different names. In its headwaters he found float consisting of melaphyre 

^Report on the Geology of the Philippine Islands, S. An. Eep. 

(1899-1900), Pt. 3, 507.', ^ 

also mentions crystals of rutile from an island called Bigat, which is 
unknown to me. Anal. d. J/m., Madrid (1841), 2,. 197-212. 

®Memoria geoldgico-minera (1876), 49. 
b A dahrh. f. Mineral f eta. (1881), Beil.-Band 498; , 
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and quariis porphyries. Melaphyre ho found ngaiiii ai, Piijada Bay lunir Cape 
San Agustin. Quartz breccias also occnr on the divide between Piijada ainl tlie 
Gulf of Davao. Serpent-iiie accoinpanies the melaphyre in the south of Bislig';‘ 

Minard visited the gold-hearing region of Misamis, the northwestern prov- 
ince of Mindanao. The sandstones and eongloniorates of the Iponan Valley, dipping 
12°, are said to be brok(m through at many points by diorite atul serpentine. The 
pebbles of tbc conglomerates include dioritea, augitcq)orphyi 7 , serpemiine, jaspm', 
and marble.^ Gome yejars latnr Mr. Abella made a reconnaissance of this r<'gion, 
examining the gold deposits along the courses of several rivers, all of wliich empty 
into Macajalar Bay, Tiny are the I])onan, the Cagayan, the F>iga,an, and tini! 
Gutman. In this region he found two eonsiderahle areas of old slates. One of tlu;se 
touches the Iponan lliver 10 or 12 miles from the vsea. Tlie other is intcwsected by 
the Gutman and approaches the sea within 2 miles, near the town of Agusa,n, which 
lies at the mouth of the Gutman Kiver. Alluvial deposits fringe th,c shore of 
the bay and follow the streams. Otherwise the country, as depicted by Mr. Abella, 
is covered with strata provisionally referred to the Miocene. The slates are 
described as metamorphic and in part sieatitic. The pebbles of the Tcrtisiry 
conglomerates consist of such slates, serpentinoid rocks, and many varieties of 
Trachytic roeks.^ I think that at the date of his memoir, 1879, Mir. Abella used 
this term for neo-volcanic rocks not basaltic in appearance. The description of the 
fossiliferous rocks overlying the slate loaves no doubt btii that they a.re Tertiary 
or Recent, a fact which it is difficult to 'reconcile with Mr. MiinaixFB statement 
that they are cut by serpentine and diorite. In the placer at the Bigtog, tributary 
to the Cagayan, Mr. Abella found slightly rounded, large pebbles of orihoelaHO.^ 
few miles northwest of Zamboanga (in southwestern Mindanao) , at Caldern, 
Dana observed hornblendic and talcose schist in pebbles/ and on Malanipa, about 
13 miles E. by S. from Zamboanga, the (Jhalhnger expedition collected serpen- 
tinized peridotite, studied by Mr. Eenard.” 

HI. GEKBKAL aE0CmA.VH10 DBSORIPTIOK AND rCINERAKY. 

The main body of the Philippine Archipelago is conijected with Borneo 
by two parallel chains of islands, one consists of Bnsuanga, Linapacan, 
Palawan and Balabac, while the other extends southwest from the Zam- 
boanga Peninsula, comprising Basilan, Sulu, Siasi, and Tawi-Tawi. Tlio 
mference is that there has been entire land connectiou at some time in 
the past.. This question will be referred to in a future chaptei-, at this 
place it is sufficient to state that there arc some objections o,i! a veuy 
reasonable nature to such a conclusion. 

The Sulu Oroup and Mindanao together posse.sa a rough liktaicss in 
a long-bapdled dipper, the Sulu Islands and Zamboanga I’cninsula con- 
stituting the handle, the eastern part of Mindanao the bowl. Mindanao 
is marked, by its great number of bays and gulfs, its two great rivers, 

‘Mission aux lies PHI. {1879-1881), 272-277. 

‘BalJ. £foc. Prance (1874), V, 2, 403r-i06. 

'Mem. aeerca de los criaderos awiferos,. . Misainis (1879), 4, 18, 32, 4S. 

. ' P. 3. PJiupf. Sasp. (1849), 10, 039. ■ , , ■ ■ , 

'Z6id. ■ , . ' ■ 
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its nine or ten lakes and its liigli inountains. One of rke latter, Mount 
Apo, 2,n*?8 meters^ is supposed to bo the higliest peak in the Areliipelago 

A glance at the map of Mindanao prepared the Jesuits will reveal 
the presence of four niaiii tectonic lines^ three of which run approximately 
north and south, and the fourth east and west. The first is the line 
following the crest of the range which extends parallel to the long axis 
of the Zamboanga Peninsula; its direction is X. ’20" E. The second 
seems most nearM to mark the eastward trend of this range : its direction 
is approximately X. Se5'^ W. Along this line are to be found Mount 
Sugarloaf, just north of Diimankilis Ear, Mount Dapan^ a short distance 
southwest of Lake Lanao, Mounts Kalatnngaii and Latiikan east of the 
lake, and Mount Agtunganon east of the Agusan Elver. 

The next line is that which follows the Apu Range. This is very 
pronounced from Apo southward, but is not especially marked to the 
north. On this line are to be found Mount Apo, 2,9*38 meters, and Mount 
Matutnn, wliicli is doubtless somewhat lower. 

The fourth, which is not as straight as the otliers, extends along the 
backbone of the country east of the Agusan Eiver; its general direction 
is about X. 8^ W. Xo very important peaks exist along its extent. 

The first of these four lines, which follows the backbone of liie Zam- 
boanga Peninsula, is the most marked in that it extends noidliward 
tbrough the Island of Xegros, coinciding exactly with the tectonic line 
of that island and cuts across the lower part of the prong of Masluite, 
again coinciding with the long axis of Sorsogoii and the Catanduanes. 
The Agusan line, by curving a little to the west, would fit closely Avitii 
the tectonic lines of Leyte, Masbate, and Tayabas. There is no question 
l)nt that there is a definite and fairly iinifonn system of folding and. 
fracturing throughout the Archipelago, the various islands representing 
the irregular crests of tlie anticlines while the intervening straits mark 
the synclines. 

There are no very large rivers in the western part of Mindanao, 
although a fdf{*-sized river follows along the central line of the Zam- 
boanga Peninsnla, and tw’o short, swift streams also exist, one of them, 
the Agus, draining Lake Laaao and emptying into lligm Bay after a 
run of about 30 kilometers, and the other, the Mataling Eiver, draudng 
part of its water from Dapan Lake and part from the northern vslopes of 
the Kulingtaii Eaiige. A different condition exists in other parts of 
Mindanao. 

The Bio Grande de Mindanao, over 300 IdlometeTS long, is tlie second 
.largest river in the Philippine Archipelago. Its course is from north to 
south until within a short distance of Lake Liguasan where it turns 
sharply to the west, emptying into Illana Bay. This river is navigable 

' ’ 78322—5 ^ 
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for sliallow-'bottomed, Rtcrn-Mheel steamers for a, (listaiico of over 200 
kilometers, Tbe valley of the Rio Grande prestmls a wondmful stretch 
of country. 

The Agusaii River, next in flows from south Iv) iiorili in a fairly 
uuifonn direction. It is probably aX least SbO kiionudvrs in length. 

Mindanao in general is raiiier densely (;ov(ir(Hl wiib jirngie coiii.aining 
nuicli fine forest. No large industries^ unless it bo agricailture, texist in tlic 
island^ if one sawmill^ creeled by Aiuer'nnns noi. far from the l.own 
of Zamboanga is excepted. There are neiRier niitu's iior factories, tin} 
little that luis been accomplished has, for tln^ greater pash been tlu^ 
result of the energy of a few Americans and 8|u'uuards. For lh.e most 
part this great and enormoiiBly fertile island is a silent, almost traeddess 
jungle. 

We can only eonjeeture what the mineral wealtli oi' Mindanao really is, 
for few as yet have had the hardihood to attempt ])ros|)eei.ing in this 
region. 

IV. PEOI’Jili. 

The distribution of the different tribes can he learned by reference to 
the map prepared by Dr. N. M. Saleoby to accompany Ids reaearclics 
into the life of these people. Tt is noi, my intention to cliscuas very fully 
the racial characteristics of the people inhabiting Mindanao, as Dr. Sa- 
leeby will do tins fully and thoroughly. However, it will be necessary 
to make brief mention of the character of the inhabitants in this pap(‘r 
and to make this portion as accurate as possible 1 have not only drawn 
fj'om personal observations, but more frequently from Dr. Saleehy’s firsi: 
work.’’^ Other sources of , information have also been nsed. 

A line extending roughly from Iligan in a scTOllu'asterly diroelion, to the Ki- 
dapwan Mountains and thence south to Sarangani Bay will divide tho island into 
tM’O great ethnological divisions. , To tho west of this line tho Moros, a Mohani- 
,mt4an people, are dominant.. To the east are various tribes which in all proli- 
ability spring from Malay stock and who pro-sumahly came to Mimknao long 
before tho Mohammedan invasion. The Sulu group to the south of Mindanao is 
, inhabited almost entirely by Moros. 

A considerable number of Vieayans and a few Tagalogs, who have emigrated 
, from the northern islands, are encountered along tlie coasts and at the mouths of 
some of the rivers.' ' ' ,, , ' 

, l“ Saleeby, lif. M.: The History, of Suld, Puh, Dip. Eth,, Bureau of Seiettce, 
Manila (1008), 5, II. Tfie! map of Mindanao will be published in Dr. Saleeby’s 
work “The History of Magindahao’’ now in .course of preparation. 

. “Saleeby, N. M- v Studies in Moro History, Daw, and Religion, Pul. Eth. Bur., 
Manila (1905), 4, 1. 
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T. CLIMATE. 

It is difficult to discuss the meteorologic conditions of Mindanao in a 
general way. The fairly regular and distinctly marked seasons wliieli 
]}revail in Luzon do not seem to obtain in Mindanao. The following- 
table is taken from the monthly reports of the Philippine Weather 
Bureau : 


RainfalL in milUnieicrs, at Mmdanao and stations during 1905 , 


Month. 

Zamboanga. 



Isabela. 

Julo. 

Davjio. ; 

1 

Siirigao. 

January 

8.7 

13.2 

38.1 

79.0 ! 

105. 3 

February 

2.6 

1.5 

0.0 

121.4 i 

101. 1 

March 

0,0 

0.0 

22.4 

206.2 ’ 

81.9 

April 

37.3 

9.6 

0.0 

SS.4 

130.6 

May 

143,5 

102.4 

305.0 

417.8 

176.9 i 

June 

25.3 

54.0 

19.6 

192.8 

0.0 , 

July 

1 214.6 ‘ 

140. 2 ' 

209.9 

341.4 I 

167.3 

August 

^ 84.1 j 

112. 4 

38.9 

328. 3 1 

112.0 

September — 


145. 3 

229. 6 

100.6 

216. S 

October 

i 148.2 

320.9 

420. 4 

127.3 

’ 112.8 

November 

107.7 

112.3 

j 59.4 

06.5 

380.4 

December 

57.7 

i 91.2 

1 69. 6 

— 

483.6 

Total 

822.3 

1 ’ 

i,mo 

j 1,412.9 

j 2,129.7 

j 2,008.7 

1 


A great difference is between the rainfall at Zamboanga^ at 

Siirigao and at Davao^ and the results are very evident m the difference 
between the forests of these portions of the island. Zamboanga Penin- 
sula is fairlj’^ well forested;, if the plain which has been cultivated for a 
long time is excepted;, but the forest of this region is not by any means 
as luxuriant as that of the Agusan and Davao Talleys. The densest 
forests in the Philippine Islands;, with the possible exception of portions 
of MiudorOj are probably to be found in tlie latter districts. 

I w^as not in the country for a sufficient length of time to render any 
statement I might make in regard to the healtlifiihiess of various parts 
of Mindanao of value. The low country in the river valleys and the lake 
region to the south of the Cotabato is probably not as healthful as the 
highlands of the Lanao region. Mosquitoes abound in many parts of the 
former territory and great precautions must be taken against them. The 
C^t-abato Eiver lias a particularly bad;, but I think underserved; reputa- 
tion in this respect. I had no fever nor any sickness whatever during the 
five months I was in Mindanao^ but both native and American troops have 
suffered considerably from malaria* 

A table of the temperatures for the yarious stations of the island 
iollows: . ' ' , . 



T^IU shQwimg merni mummwn mid mean minimum temperatures, in degrees centigrade, for Mindanao stations during IMi. 
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The region around Camp Keithley, ouung to its altitude is nuieii cooler 
than tlie low coimtiy and the climate is eorrespondingl}' invigorating. 
However^ at certain times of the year, particularly in December and 
January these posts are said to be very disagreeable^ as they ai’e cold ami 
raw like the Isew England coast of the United States in the spring time. 

Typlioons are said not to occur in the latitude of Mindanao and the 
Sulii Islands. The evident reason for this is that the cyclonic storms, 
wdiicli have their origin in the Pacihc are formed in a latitude much 
north of that of j\Iindanao and as they pass westward they are constantly 
curving to the norths partly owing to the original, clockwise movement fjf 
cyclones north of the ecpiator and partly beeanse of their approach to the 
continent of x\sia. According to Father iVlgiie^ Director of the Philip- 
pine Weather Bnrearp a few cyclones form in the Snlii Sea, but these 
attain no great importance either in frequency or in intensity. 

Plate XXIX of Father Algue’s ^'‘Cyclones of the Far Fash' shows 
the mean trajectories of cyclones which pass over or near the Archipelago. 
It is very interesting in that it reveals how very generally Mindanao and 
the Sulii group escape these destructive storms. This fact is of the first 
importance in view of damage which such storms might inflict on crops^, 
paidicularly on hemp which grows to heights ¥ar}dng from 10 to IS feet, 
and because of the relative immunity from danger to vessels, such as 
interisland trading ships^, Moro vinias and pearling boats. 

Yl. NAUUATIVE OE THE EXPEDITION. 

Zamboanga^ the first j)oint visited hy me, is situated about 3 miles 
ffoin the nearest foothills at the edge of a flat plain of considerable area 
at the foot of the long^, narrow peninsula of the same name. (See map., 
Plate I.) To the east is a long stretch of salt-water marsh and in its 
rear is a scarcely less elevated tract whieli is taken up with paddy fields. 
If tlie Tumaga lii\'er had kept its initial direction, it would cut through 
the heart of the city^j as it is, it curves to the east and enters the sea op- 
posite Sakol Island. The substructure of this plain is corab the siiper- 
structure;, silt and coarse detrital material from the lulls to the north. 

Zamboanga is essentially a city*’'' and a study of the map will 

show its eeutrab commanding position with reference to steamship routes. 
In fact this is the main feature controlling its location. It is not situated 
on a. large river by which conimimication can be maintained with the 
interior and for this reason its position is not favorable as is that of 
Manila^, which is on a plain on the coast and at the same time on tlie 
banks of a large sti*eam which taps a great stretch of the interior. Cota- 
bato^ on the Bio Orande de Mindanao, is also favorably located and 
it will probably expand when the immense possibilities of the country to 
which it holds the key are understood. 

The Cyclones of the Far" East, Bnreaii of, Fahlic Printing, Manila, 

‘Ami,: ■ X A '' 'i"'" ' ,, 'v , 
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The initial rocoiuiaii^aaiice which I -uinleriook waa to Boalo]i, some 10 
or 12- kilometers northeast of Zamhoanga. Here ihc irarisporiatioii b}-^ 
wagon was left ami a trail taken which led up an ahru])t hill a lill](i 
beyond wliieli point vve entered the fon'.si. B('iwe(m lloalon and this 
hill I found some float limestone wiiti fragments of Orhiioide.^, wdiieh 
probably are identical with tlu^ mainrial lti<ihthofon tmcouiihvred so 
■many years bcCoj‘e. This is praeiit^ally all In* c.ontrilmied to the geology 
of this rcgioip Imt this is not suprising when the. {itlitmle of tlu^ mitives 
at that time is (considered. 

We continued in the forest for about throe days^ obi;aining aJisolukfly 
no view of the country farther iluin 50 yards from the trail, until we 
reached a log cabin about 30 miles north, of Zamboanga on ihe Ihnnaga 
Eiver.^*^ 

The country rock in this region is a mncli clceomposed schist, with a 
considerable thicknoBs of stiffs, yellow, clay overbnrdcn. (Plate 111.) 
Qnarte pebbles and l)owl(!crs are plentiful in the clay ; the inhhles (H).me 
from qiiart?5 stringers in the schist. The large bowlders (^learly indicate 
large veins, but we were iiot so fortunate as to encounter any of tihe lattm*. 
The clay contains a small aruoimt of gold whkdi ihc prosi,)ectors had 
recovered by sluicing. Pew pe(.)|;)le were encounl/mnd in this forest. 

On onr retinn after three days' stay we followed ihe river for per- 
haps 2B kilometers. At times we came x.ipon box canons (some of which 
we might have swum through), hut usually we took the Irigli f.rail wliicdi 
went along ihe steep side of the ediff, at times 30 meters above the 
water and rocks. The way was extremely difficult; tlui shaip) rivor 
rocks, ihe sharp-edged schists and the leeches began to toll on onr 
earriors, so that we iinally took a trail which led out of the riviU' and 
after a climb up the side of the gorge we .rogained the old path which 
we followed to a hemp plantation at the edge of tlie timber and by 
mid-day arrived m Zamboanga. 

VrOlNtTY -OF BAN E4MON. ; 

■y My next reconnaissance was in -the vicinity of the San Kamon'Parm, 
controlled 'by the More Province. This excnrsioii was for the purpose 
of an extoination of the mountains which rise abniptly baede of the 
narrow coastal plain* The formation in this place is entirely volcanic, 
the rich, disintegrated d4bris spreading out upon the coastal plain and 
producing a very fertile soil Some of the rock is highly pyritized and 
may carry more or less gold. 

In the streams I saw bowlders of andesite which sometimes contained 
;^rge fragments of scMstj, tom off and caught up in the molten rock as it 

der Fmumulitenformatlon m deri Phllippiueip 

, 14 , m, 

but if tittle beyond the path. 
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poured out over tlie surface. This schist is identical with that found in 
the gorge of the Tuiiiaga Eiver. 

I had observed terraces along the shore farther to the north in the 
neighborhood of Dapitan and therefore looked for some signs of elevation 
here. I did find one fairly wmll preserved terrace a few miles to the north 
of San Eamon^ but the streams have cut through it in so many places 
that only an especially trained eye can see it. This terrace is perhaps 6 
meters above the mean tide level. {Plate VII.) The mountains in the 
Zamboanga Peninsula were once covered with a mantle of limestone, but 
little of the latter remains, a few large bowlders in the streams being ail 
that we could find. 

This coastal strip on which SHn Eamon is located, disappears to the 
north at Patalun Pointy but it widens regularly to the south and is every- 
where taken up with coconut culture. The long stretch of sandy littoral 
from San Eamon to Zamboanga is especially adapted to the culture of 
the coconut palm. 

This peninsula in regard to its population might be divided into tha 
following zones : 

1. The hill or forestal zone occupied by Subanuns, a wild and primitive people. 

2. The intermediate or rice zone by FilipinoSj mostly Visayaiis. 

3. The coastal plain by Chinese and Americans. 

4. The beach zone by the Moros (littoral zone). 

COAL MINES AT SIBUGUEY. 

Following the reconnaissances outlined above I went to Sibugiiey Bay, 
an all-night run by Constabulary vessel to the northeast of Zamboanga. 
I was accompanied on this trip by Colonel W. 0. Taylor, then in com- 
mand of the Fifth Constabulary District. We anchored about a half mile 
offsliore as we did not know the exact configuration of the reefs, this coast 
being but incompletely charted. 

Our road to the coal measures at Sibuguey was first by boat up the 
Si ay Elver, the banks of which for some distance from the mouth are 
lined with mangrove swamps, we taking a turn through an opening in 
the right bank and following an estuary until noon, when we landed and 
followed a trail over a low Mil to the house of the datu of this region, 
Lukas, a Subanun. (See Plate VIII.) 

' We left this place early in the afternoon and after a very trying mareli 
through mild and over hills, we reached the site of the coal workings on 
the Sibuguey Elver. Tlie old, abandoned tunnels of the coal mines are 
hidden by the underbrush. I could obtain but, little idea of the condition 
of ' the ^ seams, excepting^ that, they 'are 'tilted and dip to ^the southeast. 
'They can be worked with 'the mine 'mouth probably, not' over 100' meterS' 
from the" Sibuguey 'Eiver, which' is large enough, at t'his' point, 31 kilo- 
meters from' the mouth,';, to allow 'small launches, and lighters to pass' up 
and dO'Wnio take,, on',, coal. ' ' 
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THE SCJLIT AKCHTr*ELA(K>. 

The Siilii Archipelago is praeiieally uiilaio'vvii from a, geologic ami 
physiographic point of ^dewJ so tliat the information, gahied in this expedi- 
tion, although meager, is at least new. 

Dr. Becker refers in four lines of liis report to rooks on Marongas IsIanO j'u.si, 
across from the town of Jolo. Other than tliis there are no geological not(‘,s. 
Some eniptions of the year 1G14 are Oesevihed by the resident Jesuits but only in 
a crude way. It has been known for a long lime from the reports of ship captains 
and travelers that the archipelago is largely volcanic. 

This great group of islands extends for 335 kilometers southwest of Zamboanga. 
It is about 120 kilometers wide and contains hundreds of islands and rocky shoals. 
The most considerable of the i.slands are Basilan, Sulu, 8iasi, and Tawi-Tawi and 
althoiigh Basilan is the largest, Sulii is of far greater commercial and historic 
interest. 

The water is nowhere of great depth wiihin tlie conii,aos of^this ar- 
chipelago, but it is separated both from Borneo and Mindanao by dee]) 
straits. To reconstruct a large island out of this swarni of small ones 
which may or may not have formed a continuous liridge from Borneo 
to Zamboanga, and which would since have been (lisru]>ted and partly snb- 
merged, is not a great tax upon the imagination. The evidence wo 
have points in this direction. 

The Snlu group, like so many other oceanic islands, is either of vol- 
canic or coral formation. I saw very little sedimentary • material on 
any of the islands and where any such was exposed, it was usually at a 
point where erosion had removed the lava capping, I do not know of 
any marked volcanic activity in the Sulu Archipelago at the present time, 
although hot springs in old craters are reported on Cagayan Sulu. 
1 have also been infonned that there are hot springs and soifataras ai; 
SiTt Lake on Suln. This lake oecnpies an old crater, 1 liave visited 
neither of these places. 

An eiuption at a point near dole, not named, is reporiiMl to Jiavc 
occurred on January 4, 16414® As there is some confusion of names 
in this report 1 do not attach much importance to the mmml As 
far as 1 can learn, no accurate scientific notes were talcen at the time 

The only remaining reference I find regarding the geography or 
geolog)^ of the Sulu Archipelago n a note by Becker 4® 

f 

“In tlin Join Archipelago, the ohaits indicate several well-developed atoU'i, 
such as Sjmondl Island (latitude 4“ 52', longitude 119° 50'), as well as several in 
fte Tapitl group (latitude 6° Sly). The charts of this region also show innumej- 
aMe ooral reef?, which are bare at low tide and must therefore Imve been uplifted.” 

Ocahpendio de ^eogratta de las Tslas Filipinas, 
I ed, hJanOa, lS9a, 

Iskuda, 

-'i jiC'. If./ : J ''T ) 
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I injself have seen some coral islands near Sulu^ in the Pangiitaraii 
g]‘oiip; some of these are atolls and others were formerly lagoons that 
liave dried np hecause of the elevation of the whole mass. 

While nearly all the elevations are extinct or dormant craters, there 
are no sliarp^ jagged proBles^ hnt instead., most graceful curves. Thei’e 
are nearly fifty of these cones on the Island of Snlu^ some still high 
and symmetrica], others irregular and worn down to iiiere stumps. (See 
PL IV.) 

BUD DAJO. 

We first visited the now historic crater of Bud Bajo/" the wooded 
cone of which rises from the plain back of Jolo. One afternoon of 
brisk riding on horseback is necessary to reach the point vliere the 
\'ery steep climb begins at 300 meters’ altitude; from here to the ex- 
tinct crater is a further elevation of 580 meters. The climb is a short 
onGj but it is the most strenuous I remember ever to have made. 

Formerly there exi.sted a community on this mountain having all the necessaries 
of life about them; a complete village with dwellings and a mosque; springs, 
gardens, and both shade and fruit trees, ail within an extinct crater, Tlie Moros 
added trenches and coitQs to the natural walls of the village and long bamboos, 
in the hollows of which were concealed laniakas (brass cannon) were placed along 
them. (See Plate X.) ’ 

Bud Da jo is formed of scoriaceous basalt and lapilli, but has not 
been in eruption at least within the last three hundred years^, or if it 
hasj there is no record of the event. Large basaltic bowlders from 
this mountain are strewn over the slopes and the plain down to the 
very edge of the tovm of Jolo. An excellent view of a large part of the 
island can 1)6 had from the highest point on the walls of the crater. 
Prom this point smaller craters are visible and it is not impossible that 
renewed energy may at some future time be manifested at one or more 
of the many foci and a considerable destruction oE lives and property be 
the result. The fact that these craters appear extinct is no argument 
against future activity. 

S’URTHBR RECONNAIBSANGIi: OF SUEU. 

On Monday^ October 14^ Lieutenant Oaffery and with an escort 
of five men^ began an expedition to Mayinbung^ on the opposite side 
of the island. The trail led past Asturias^ the former residence of the 
Sultan of Siilip but now the site of infantry barracks^ and on over a low 
divide of about 300 meters’ altitude^ , between Bud Agad and Bud Pula. 
The soil is of a rich red color, giving promise of unusual richness. 
Large fields of tapioca, which is, the main agricultural product of the 

” ' ,is : the' Sulu' term for, mountain. As; it is generally', used by the military 
■ authorities, it is retained in this, d^^^^ription. 
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Siilii Islands, appear on either side of the trial and Moro dwellings^ with 
several small haystacks near by conld be seen froni, time to time. How- 
ever^ large tracts of fallow land exist along the route. 

The soil everywliere is the same^ for a blanket of basalt apparently lies 
over the wliole island. At Madeu Patung^ about a mile and a half from 
the Sultants house at Ma,yinbiingg are some outcrops ol: tuff;, the only 
sedimentary formation I saw while on the Island ot Sulu. 

We reached Maymbuiig late in the afternoon and the next day retiuaicd 
to Jolo by the same route we liad come by, our stay being cut short by 
the consideration that a geological reconnaissance conducted under guard 
in a very unsettled country does not warrant the expense and the addi- 
tional detail of men. ^‘^Sucli work is really more exciting than profitable.^^ 

Several short excursions in the vicinity of Jolo were made for the 
purpose of finding water-bearing strata^, but in tins respect the result 
was disappointing. However, some splendid examples of old, worn-down 
craters were seen. Several low, circular and apparently flat-topped hills 
lie at a distance of 3 to 5 kilometers southwest of Asturias. They very 
much resemble overturned saucers. The tops of these hills usually show 
a more or less marked depression, a remnant of the old crater, and two 
of these were inhabited by several families, with substantial houses and 
well-kept gardens. These people live in such situations, not so imieh 
because the soil is particularly rich, because it would be hard to find soil 
more fertile than that on the lower volcanic slopes, but undoul)tedly 
because of the protection afforded by the hills, the comparative difficulty 
of access and the excellent lookout over all approaching tiuils. There is 
usually some water either in the central depression or at the bases of these 
volcanic mesas. 

OTHER ISLANDS OF THE SULO QROUr. 


I returned to Zamboanga after this brief visit to Sulu and reshipped 
on a smair Constabulary paymaster-boat for the more distant islandB of; 
the Sulu group. The first stopping place was at the Island of Bongao. 
Tawi-Tawi' was not visited, ^ such, observations aswvere possible being, made 
while, sailing near to the coast.' , It is not a very' rugged island, everywhere 
showing 'gentle 'curves.' ' A ' 

,/'3dhgM'us'a,small 'village and Constabulary station on the island o'f 
'that separated^ by a narrow channel from the southwestern 'end of 
Tawi-Tawi. Coral reefs are found everywhere in these waters, so that 


great care in navigation is necessary. Mount Vigia, visible from tlic dock 
(see Plate XIV), is a mass of very resistant conglomerate, 370 meters 
high, and on a clear day the low coast of Borneo can be seen from this 

; ^oTO be^h^: this, vicinity md a hnmber of fossils o^f, 

tJhrongh d Idhy^lhth iskhdsi along chto- 

the si^e of the 
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boat and toiieli tlie brandies of the trees^ and we finally ancliored in tbe 
narrow straits between Siasi and Lapac Islands. We had but one or t-w^o 
hours of daylight at this point, but a short excursion inland gave ns a 
fairly good idea of the geology and soil of Siasi. The soil, as in Siilii, 
is a ricli^ red volcanic material, and the underhung rock; wherever I saw 
it^ was andesite or basalt^ which is frequently difficult to classify exacthy 
because of the weathering to which it has been subjected. Very little 
timber is seen on this island^ at least not on the side at which we touched, 
and there are no large streams. Howeveiy a dense growth of cogon grass 
prevents serious damage from erosion. If this grass w’exe not present^ 
loss would surely result owing to the lack of forest. On the other hand 
cogon, as in other parts of the islands, is a serious menace to agriculture. 
It is usually the custom of the natives annually to burn off this grass, 
but this method only affords temporary relief. A better way and one 
wdiich is being practiced with success in many localities is to plow the 
cogon under for two or three seasons, wdien the roots rot and not only 
is the grass killed, but the soil is further enriched. 

The next point visited wns the large and geologically little known 
Island of Basilan. A portion of this island was occupied by the Spanish 
go\nrnment, wdiich had a small naval station at Isabela on the north 
coast. This has ^ been abandoned since American occupation and the 
place has consequently fallen into neglect and decay. 

But little geograpliical exploration has been done in Basilan. Mr. Dean 0. 
Worcester and his i)arty visited it about tbe year 1892, and the following is taken 
from his account.^® 

“Isabela, the capital of Basilan, is a small place of less than 1,000 souls. The 
only Spaniards there are the ojOScials and the Jesuit priest. The town is on high 
ground, which slopes sharply down to the edge of the channel separating Basilan 
from the little island called Malamaui. This channel, although extremely narrow', 
is very deep, and large vessels can come close inshore. Tremendous currents rush 
through it with the ebb and flow of the tides. 

“Isabela is a suppty station for gunboats, the coal yard and magazines being 
located in Malamaui, just across from the towm. To defend the important stores 
which they contain there is only a ridiculous old limestone fort on a neighboring 
hill, armed with two or three antiquated smoothbox'e eannmi, axnl garrisoned by 
a few marines.' 

‘“The Moros of Basilan, locally called Yucans, have always borne a bad reputation, 
but at the time of our visit they were held in check by a remarkable man known 
m Datu (Chief) Bedro.” 

A picture of tbe fort mentioned above is shown on Plate XT. 

Only two short trips wei^e made into the country back of Isabela ; the 
same basaltic flows and rich red soils exist here as in Sulu and Siasi. 
Tulcanisni does not appear to be as recent in Basilan as in Sulu. At no 
place did I find that the streams had. out through the lava capping and 
exposed, the sediments which I feel sure lie beneath. 

Worcester,': Dean, G.'': The Philippine Islands .And them People. 'Macmillan, 
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LAKI^ LANAO AND VICINITY. 


All ol the work :iii tlie region of Zamboanga an<l Uie Suhi Arcliipolago 
which it was ah all feasible to undertake at this tinui lia\’ing been (ioni- 
pleted, we left Zamboanga, November b, for Ovorion. iVs our vessel kept- 
close to the coast, I was alilc to make some not;es whidi tlirow cmusidm'abh^ 
light on tlie geologic changes now going on. iriu^ west. (*oasl of Mindamic 
has very certainly risen in comparatively recent tinu'.s. Nc^.su* Point 
Blanca on the northwesiorn pari of the coast 1 saw a fim^ exainphe of a 
raised delta, tlie elevation amounting to at least 10 imd.ers. OOie cliar- 
acteristic stnictiirc of the delta was clearly reviuiled by tlu^ extensive 
marine erosion wliicli had taken place. Tiiere were also many fine terraces 
sliown along this coast and their existence supports the otl,un‘ evidence. 

The weather compelled ns to ran into a little cove near the point jnst 
off Dapitan. Of all the many inlets along the coasts of tlu;st^ islands I 
believe this to he one of the prettiest and most secure. No sign of an 
entrance can lie seen at less than a kilometiu* aw^ay and (xniainly this 
point would be too obscure to pick up at night. Wa wemt through a 
channel not over 45 meters wide between walls wliich, in the darkm^ss 
I took to be limestone,, and emerged into a splendid liasin witli waier 
as clear and placid as a moimtam lake and with liigh walls on nearly 
all sides. 

By noon of the next day we anchored ofl; the little stone fort at the 
entrance of Panguil Bay, which is in the extreme southwest eonmr of the 
much larger Bay of Iligan. The most eonspicnons object at this place 
is Monnt Malindang, an extinct volcano close to ?i3,70() meters in eleva- 
tion lying to the west. Material from the slopes of this mountaiu is 
basaltic as J: discovered by going up Panguil Bay in a hmica in conipairy 
witli Lieutenant Lattaniore, Pbilipjhnes (kmstahulary, and a detachment 
of soldiers, landing at several poini.s to enable mo to go far enotigli inland 
to examine the rocks, as there arc no outcrops on the coast. 

Mount Malindaiig is an old crater the rim of wliich is liroken down 
oil 'the, side toward ' Misamis.'',’ Tt is ..for the most part covered with a 
..luxuriant mantle ;of timber forest; the soil. on. its' ■slopes isuf a rich red 
and' is rxndoubtedly''very 'feihile., 

■ .A; .nu'mber.bf 'Nisayan colonies, exist o,n. the west sid'e of Panguil Bay, 
''but all the coiintry to The 'east istMoro. 


; We 'left' this point bn the hiorning of AFoveinber .11 and reached Camp, 
Overton''at 'a''i,ittie,:utTeii,,n'b(>n'. . ''Mr,; IckiB.'ivyas to Join', me at this point, 
but as he was detained by quarantine, Lieutenant Caflery and I went 
forward over the military road to Camp iteithley (745 meters) where 
the climate is much cooler than in .tire coast towns. 

TChete is |ei 7 littlo^ coastal pilin' in the region o| Camp Overton, the ', 
. back and forth in order 
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which the jripeeies are for the most part identical with tliose growing in 
the sea below, liut within about 300 meters the mad cuts through basalt, 
and continues in this forination until Malabaiig* on the soiithw'est coast 
of this portion of the island is reached. Maria ('hristina Falls are 
situated but a short distance off the main road, a few kilonietei-s out from 
Overton. Here the swift waters of the Agiis Eiver. which drains Lake 
Lanao^ fall over a cliff oB meters high and continue to the sea through 
a narrow gorge. 

It lias been estimated tba,t snOieieiit power ean be developed by these fails by 
means of turbines to run electric freight and passenger trains from Camp Overton 
to Camp Keithley and then around the lake and down to Malaha ng. FiirtliermorPj 
the power from this and the Mataling Falls together slionhi also l)e able to furnish 
electric light for a dozen towns and camps along this route. 

The rock in the upper portion of the section at the waterfall is a hard, 
rather structureless basalt ; below this comes a more or less loose voleanic 
conglomerate, or better, agglomerate, the geologic structure giving the 
most favorable conditions for fall formation. Maria Christina has about 
the same height and volume of ivater as the better known Majayjay Falls 
of Luzon. 

The road, very soon after the fork to the waterfall, leaves the rather 
heavy timber. From here on it ascends a long, gradually sloping, quite 
open and rolling plain, resembling the wevstem prairie of the United 
States. 

The Agus flow's in a broad valley with gently sloping sides at hfuimin- 
gan and wdiile at this point it has a fairly rapid current, it gives no 
intimation whatever of the terrible plunge a few’ miles farther on. A 
party of engineers is stationed at Pantar some distance beyond this point 
to look after the roads and bridges, and we spent two days here to 
examine the cuts along the road and river bank. Basalt is still tlie 
eoimtry rock here, but it lias on top an extraordinarily thick mantle of 
weathered material full of basalt bowlders, and lioth in constitution and 
topography this simulates glacial morainal material. ’ 

From Pantar tlie road runs fairly straight for seven to nine kilometers 
across open rolling eoimtry to the ’■'TAeithley escarpment.^''’ Beyond this 
escarpment lies Lake Lanao. The road continues almost due south to 
the foot of this great wall, then turns practically due east and, keeping 
nearly parallel with it, climbs gradually to the top. From here it runs 
down a long, easy grade to the margin of the lake. 

This escarpment is very striking, and is made up from top to bottom, 
as far as can be seen from its cuts in the road, of loose material, imsorted 
and with apparently no definite structure, forming a wall 155 meters 
high, A simple explanation of this phenomenon is not easy to find. 

To the left, when facing toward Camp Keithley from the top of the 
embankment, rises the daadr,, heavily wooded massmf ^hSaered, Mountain^.’ 
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vsoine 300 weters liiglier. In the middle distance stands a proaiineni., 
grass-covered bump known as ^''Signal HilF^ and beyond lies the lake and 
still farther back the dark^ volcanic range of the Eutig Mountains on 
the southeast. To the southwe>st tlie striking ptioks known local iy as 
‘'ddanasd’ appear, 

Usually^, when the visitoa* first sees Lake LanaO;, if he has any ciiriosii}' 
at all^ he seeks the most natural explanation in a volcanic rcgioig namely;, 
that it is a crater lake. There may be some resemblance to a (irater inin 
on the south shore near Camp Vicars^ but in other places there is no 
trace of it. I first was favorably inclined to the belicif that it was a 
valley dammed by glacial wash and I found no trouble in likening the 
Keitliley Escarpment to a terminal moraine. I was forced to abandon 
this hypothesis for reasons which will be stated in a })aper on the geology 
of this region which is to follow. My provisional conclusion with regard 
to Lake Lanao is that it occupies an old basin^ partly tectonic^ partly 
caused by erosion, between the mountains ; this basin has been daimned 
by lava flows and other volcanic materials from the mountains adjacent 
to it. , Subsequent weathering has given the aspect of a pscaulo-glacial 
till to the material forming this obstruction. The explosion-crater theory 
iias occurred to me and some attention will be paid to it in this con- 
nection in the later geologic discussion. 

Camp Keithley is situated partly on the brow of the escarpment of 
the same name and partly on the slope to the lake. 'The small village of 
Marahui lies on the lake shore on the west bank of the Agus. Here is 
the residence of the district governor and hero too, tlie tribal court is 
held. This village also has a native market, so tliat Marahui is the best 
place in the wliole lake region to see the Moro peoples 

Mr. lekis joined the party in Marahui and we crossed Lake Lanao 
ill a vinia with a large sail and awning made of some species of palm. 
It was almost nightfall when we ran into a, small cove and laiKlcd, and 
ill the darkness we began the ascent of 155 meters up the liigli, hlnlT on 
which, Gamp Vicars' is 'situated. ' 'This distance islbetween 4 and 5 kilo- 
, meters. /Three days later we set out for. the Taraca^ Biver on. the east 
, side of the, lake withun escort of twenty' scouts, sixteen cargadores, 
,'and. several guides. , The 'country around Vicars us open' and rolling and 
. ^ very ' similar; tO;. that south of Xiake .Lanao.",' Very little of the land is 
finder, cultivatipm; ^ ^ ' ' '' 

' ,b'h;the seeo'ndviday .we.; finally, descended from, the high' bluff we' 'had 
been following and crossed an estuary, thus saving many miles of cir- 
cuitous travel The low flats which border this side of the lake extend 
back for several miles.- The trail on the other side of this estuary 
lies through paddies and swampy areas. Every morning during our 
takreh w$s afternoons without m exception 
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The region through which we passed contains numerous Moro forts or walled 
towns termed '‘cottas’^ peculiar to the Lanao Lake district and to Sulu. llie walls 
are several feet in thickness, made of earth, and protected by a dense hedge of 
bamboo growing at the top. A moat nearly always surrounds the eofta and a 
drawbridge of bamboo is provided. Bamboos, into the closed joints of wliieli have 
been placed long, slender-barreled brass cannon, knomi as lantakcis, are thrust 
through holes in the wulls. The laniahas are imported from Singapore. We 
passed fifty or more of these cotias in our trip around this part of the lake. Some 
of them shelter only one or two houses, whereas others contain a score or more 
dwellings, mosques and other edifices, in fact an entire village. Each datu or 
sultan lives in his cotta with his family and retainers close about him, and there 
is constant petty -warfare among the various chiefs. 

On the fourth day ire reached the Taraca Eiver and stopped at the 
liouse of a friendly datu. His cotia was, perhaps, the most elaborate we 
had seen; an elevation is shown by fig. 1. 



Pig. I. 


It was impracticable to ascend the Taraca Eiver as far as the foothills 
to look for copper ore which had been reported from that point, heeanse 
of the high water, the absence of trails along the bank, and the nature 
of the inhabitants. We did ascend for a distance of about 2 kilometers, 
but became almost hopelessly entangled in the ruins of old cottas, some 
recently destroyed by the Constabulary, others fallen into decay. 

This condition caused us to continue our inarch to Camp KeitUey and 
from here we .again crossed the lake to . Camp Vicars, from which point 
we set out for Malabang. The first portions of the road lie across an 
open, almost treeless country which affords a splendid view of the Buldnng 
Eange which runs in a long, high, seiTated line eastward from Malabang, 
Some six or eight extinct craters of different heights, arranged so as to 
resemble steps, are visible in this range. 

IPhe road next enters heavy timber and at about one half the distance 
to Malabang, crosses the steel bridge over the Mataling Eiver. The falls 
.of Matalihg .are not so high as.; those of the Agus, but are scarcely less 
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picturesque. Tlie country rock is a basalt ol. .more ('om|)aei' grain than 
at tlie otlier waterfall. The road runs into a very loose, bhu'k soil oi, sand 
and volcanic ash at a shoj't distaiieo b(‘yon<l tlu' bridge and (M)n{.inues in 
this formation to Mala[)ang. Tliis deposit of ash, ai. soim* disiuiii da((\ 
issued from the Jiow extinct .Buldnng craters, ddu'. most netabh^ h^aiuiH^ 
at Malabang is iiu' line of cold s[)riiigs issuing from (la^ \^()lea-ide ash 
formation. 

We next proceeded by trail from Malabang to Parang. Apparmddy 
ail the country rock at Parang consists of basalt with wrdhdcvoloped 
columnar structure about 500 meters above the pumping station at the 
military post. Just soxith of the town the basalt- slunh suddeady (aids 
and sedimentarieSj ineduding coal measures^ appear, (hirbonaceous shales 
and certain fossiliferous beds indicative of coal deposits are lua’(‘ fmmd, 
although no coal has as yet been opened up. 

THE OOTAinVTO RICOWN, 

Tlie country Juom Parang to Cotabato is rolling and but scantily 
timbered. The country rock consists of shales and soft sandstones dip- 
ping southward, that is., toward Cotabato. Tlu're are several small laktss 
in this region which are noteworthy, because of tlui gread profusion of 
large, pink lotus and the abundance of ducks. 

The difference between the iopograpliy in this region and that around, 
Malabang is due to the absence of the lava capping w.hich becomes thin 
just to the south of Parang. Whereas the streams in the lava country 
have a cross section like the following figuix^ {(ig. 2 ), thos<‘ in the 



country to the southward beyond this sheet have more flaring sides in 
their valleys as is shown in fig, 3. 
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KROM COTARATO TO DAVAO. 

town ol ('olahato is situated on tlu* soiitli {uuik of rlio north 
hranoli of tho Iiio (Irfutdp dr MindfDiao. It consists of a colloction ot 
low, \v])it(\ Spanish 1 u)Ilsos fairlv^ close, together, with the usual native 
Imis slraggi'ing about in lh(‘ environs. Just soiiili ol' ajul o]i the eflgv 
of 1fu! town is a limestone hill about 150 meters liigii from wiiich a 
inagni{i('e!}t panorama (PlaLes XVI and XA'^II) can he obtained ot' 
th(' surrounding eonniry. Vliis liill is an outpost of a greater mass 
whieli is to Ite found to the south and which l-onnerly was imdouht- 
(‘dly still .more ('.xtensive ; it is very remarkable in that it stands out in 
(he middle ot (lie gu'oat delta, whieh forms all the river plain from tiie 
mouth of th(‘ riv(u* back and even beyond Fort Pikit. 

Id)e most nota])le feature of the topography of this plain, beside the 
hill just mentioned, is the old terrace lines which swing aiongy but not 
always parallel to,, eithoi’ side of th(3 river. These terraces are undoubtedly 
of marine origin, tor cilose to ('Otabato they are seen to he raised eoral- 
r(3{d: shelves with tlie characteristic vsteep seaward slope of siieli formations. 
Th(‘ cvid(‘nc(‘ seems qnite sufficient, to me at least, to suppose that 
th(‘ sea om-(‘ swept far. up this intermontane region which is now so filled 
with sediment. Indeed, I am convinced that it one time extended through 
to the (tuI); of Davao, for in the stretch between the Pnlangni Ri\'er and 
Davao there arc very recent sediments and volcanies whieh have closed 
up the passage. 

(htaliato hill is tMun]>os(Hl of a, cavenioiis limestone with a fair sprink- 
ling of: fossils, corals, gasteinpods, lainellihranchs, etc., all of compara- 
tively recent age, presumably Miocene, althongli no specific determinations 
luive as yet binm made. 

{Mate XV M l slunv.s tlu* iatcriov of a native aalt-makiiig establisluneui at the 
lower en<i of the delta, S<*a, water is sprayed over glowing embers, the salt is 
f>r(*ei|>ita(e(l and afterwards w-asbed oJT and run tbrongh the largo biter shown in 
tlu* background of tin* picture. Jbis filter contains wood, ashes and earth. At 
the Moro foundry near (’otabato, ludos, kris(*s, and many metal boxes of brass and 
silver are fashioned, 

Afim* some delay, we set out for Data Piang's place at (luderangan, 
some 50 kilometm's above (Vdabato. Here ,we learned from Lieutenant 
XTounglof, Philippi.nc Scouts, of oil seeping from the river liaiik about 
half way between Reina Regtmte and Fort Pikit and also near Pikit ol 
a l)lue, plastic, oily clay wliieli burns to a white color and is quite re- 
f ra<d,ory. The Moms are said to come great distances to obtain tliis 
material. 

Reina .Regente is on a hill of limcisione similar to tliat of (.hdabato. 
It is a nionadnock. Tiie underlying foundation is sandstone wirich, will 
doubtless be "found to be a good watcu' carrier; it is very probable that 
‘gbod conditions .for Artesian wcdls can be obtained at ; almost ^ any point 
of the valley. , ' ' ' : ", ^ : ' . ' ' ' 

,,78322— e ' ' ^ ' ' ■ " J ■ 
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EortTikit, wliieli dates from the Spanish regioie, like Keina Eegente, 
siiriiionnts a limestone monadnock;, but the latter is miieli higtier than 
the one on which the former fort is situated. Tills is the farthest port 
on the Rio Grande. 

From Fort Pikit we ascended to the end of na.vigation in the Hghi- 
dral'h stero-wheel steamboat which is nsed on tlie river. This point is 
some 50 kilometers beyond the fort^ at the junction of the Knt)acaii with 
the Piilaiigiii Rivers^ the total ascent by steamboat lieing almost 200 
kilometers. 

The first three days of oiir march were through, mud; we were con- 
tinually forced to wade rivers^ because we were following in the bed of 
the main streang walking along the banks being out of the question, ilie 
first stop being at the junction of the Malabnl and tlu^ Kahaeau Rivers. 
W’e continued along the Malabnl in a winding course, but making only 12 
kilometers in a straight line in one day. A coarse^ gi'itty sandstone and in 
places a typical conglomerate appear occasionally along the hanks. 

Qn the third day after we left Pikit^ and six days’ maj'th from Davao, 
at an elevation of 365 meterS;, we reached the house of Daiu lMka4 a. 
Manobo chief. The geology in this region is not very promiiumt:. The 
trail generally leads through dense underbrush. All the struams are 
filled with large liowlders of extrusive rock, evidently from the Matuian 
Range just ahead. The latter is represented on the Jesuit map as a 
long, continuous and rather formidable OordiUei% but it is nothing of 
the kind and, except for Mounts Apo and Matutan, it is merely a broken 
line of hills and quite low in several points. 

The journey for the next few clays can best be given by extracts from 
the diar)-. 

December KF)7: Left Bain Inkats at 7 a, m. Continued ilirough jimg’b* 
mid over rolling country to an elevation of 5B0 meters whore the trail goes tb rough 
the pass. Halted and made camp beside a small HtriMim, Rainy weather ajul 
leeches made traveling very disagreeable. The feet of the cargoidoriiB were blooding 
freely, but they did not seem to mind it. 

December 17, 1907': Broke cam.p at 7 a. m. Cloudy, (‘levaiion by baromeicr 
472 meters.' Crossed -the Balapnay EiTer this morning. All the rocks for mih's 
around this point appear to be similar, either fine-grained felsiies, basalts and 
andesites or feldspar prophyries. Very little can be said geologically about this 
country' at this time, as so little of it can really he seen. It apparently is extremely 
recent.' Halted at, noon at the Dalapnay River at' a 'Manobo house and 'spent the 
afternoon of the I7th drying out our effects. Elevation at this point 412 meters, 

, December' di, 1907: All of thia day we are goingAownhilLthrough 'dry woods, 
'for the, 'Most part consisting of small trees and little or no'' underbrush.' Occasional 
':/,basMt and andesitic bowlders are seen. The 'difference between this 'side, (eastern ) 
'; and: 'the western side of 'the, range ,is 'almost entirely due 'to the fact that the 
prevailing wind^ moisturedaden from the Bulu Sea, give up their moisture on 
the western, side of the mountains and the ^nds blowing of the Raciic lose much 
of theirs on the seaside of the mountains e^t Of Dk'^ad. The appearance of these 
. eastem'Slope forests ys not' greatly; nnlite''''that''pf;t^^^^ in the Temperate, ''Zone.''.' 
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We halted for the uight at 75 meters’ elevation at Smauilan 
Creek, where soft, hroAvnish-gray sandstone and conglomerate 
is exposed^ 

December 19, 1907 : Left camp at 0 a. in. Not much change 
either in topograpliy or geology is apparent. Arrived at Digos, 
a small barrio on the coast of Davao Gulf, about 12 in., after 
a long walk over ground gently sloping to the beach. Here 
we spent the rest of the day and the night. 

December 20, 1907 : We sent onr cargadores and guard on to 
Davao by trail while wo took the launch Boliuao wdiich stopped 
off this point at noon. We arrived at Davao about 7 p. in. 
after stopping at two or three plantations on the way and went 
ashore the morning of the 21st. 

At Digos w(‘ o])taiiiocl our first (‘leui-out view of Apo. 
Tlio luoLintaiii stood out clearly and lioldlv, a sharp 
coue vset to tlie south and back of an older truncated 
nufvSvS Avhieh had evideiitl}" blown off its head in some 
primordial paroxysm. On the so iit.li eastern side is a 
Inige crevasscj, from which puffs of a bluish -white vapor 
ivssue. Below 2,100 meters there is a dense jungle., a 
mass of green, hut above tliis line the surface is all 
barren rock and apparently treeless, although when tve 
ascended the mountain found small bushes of bliie- 
lierries. 

The present high peak knowm as Apo did not pour 
the gi'eat mass of lava and rock over this entire region. 
Tlie explosion crater was about 8 kilometer.'^ to tlie north- 
east. Fig, 4 shows a profile sketch of this mountain. 

A ivalk liaek over the plain behind Davao is interest- 
i.ug. About 300 motors behind the town, or about 2 
kiio.moters from the lieacli, unmistakable signs of old 
beach lines are found, marked liy one divStinct terrace 
at least 15 to 23 meters above the flat on wliicdi the 
town is located. All this toritory is made up of alluvial 
waisli from the hills. The bowlders arc largely andesitic. 

Lieutenant (ktffery left the party at Davao to return 
to Zamboanga. Withont his assistance the recoiuiais- 
sanee, up to tlie point where Davao was reached, would 
have been inipossi])le. 

Daron, on the west , side of the Cfulf of Davao, was 
the. starting point for the ascent of hlount Apo, the 
party consisting of Mr. lekis, Mr. Goodman, who had 
just arrived from Manila, and Messrs. Carrigan and 

A good picture of Mount A|K) will he found in the article 
on; Volcanoes and Seismic. 'Centers, in the , Census of the Thil- 
ippine Islands, (1903) , 1, 201. 
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McCall, the last iiained having the kiiuluess to furnish a launch to take 
us from Davao to Daron, and our thanks arc (‘xloiuled to liiiii lor llio 

eoiirtesy. 

AVe began the aseent of the ilivt long, gradual f^lope toward Mount 
Apo on Deeeniber “A). The trail iirst passes through lieni]) lields on the 
coastal plain and afterward it aBceiidts gradually through a long, graBsy 
slope w'hieli is sircAvn with oceaBional bowlders. 

The jirst stopping place was at the house of Tankaiin, the ehitd' of 
the Bagol)os. in appearance iie and his people are v(uw inueli like ilie 
lEanobos. A short description ot these people and oiu^ of their peculiar 
ceremonies has Ijocni given by me in a ])revioiis nuiuher of this Jouiinal.-*' 

The remaining details of tlie ascwnt can best l)e givcui by extracts from 
tlie diary. 

December aO: \Ye are delayed because of lack of cargadorchs, the rear of our 
party not leaving until 10.30 a. m. VVe paused at 2.30 p. m. iu the river bot-tcuu. 
Here .some representative samples were collected from ilie bowlders iu the agglo- 
merate. These are largely angular aud andesitic. Tlie stream at tliis point is 
engorged in a steep-sided canon, 300 meters deep, d’here art* neither signs 
of ashes nor of lava in this canon, although a great section is exposed. Every- 
thing points to there* having been at some time a violent explosion, probably 
Krakatoan in magnitude. We pushed on to Pandaya. arriving 5.30 p. m. iu a 
pouring rain and fotind one small, miserable hut. 

The elevation of tliis place is 870 meters and iu th<i early morning the iemptjr- 
ature was 20°. 5 C. During the night over half. our (*arriers ran away, so we 
were left in a fairly precarious condition. 

December 31: Messrs. G-oodman and Ickis went ahead with part of the bag- 
gage j the remainder of the i^arty remained to procure earri(*rs, of whom we finally 
secured three, and to examine the rocks iu the vicinity nior(* carefully. Thertf 
were live hea-vy packs, the lightest weighing 35 pouiuls. As Goodman and lekis 
were also heavily loaded, all were compelled to assume the role of carriers. 

The first, almost perpendicular rise of 180 meters wjis rtnudied iu a very short, 
time, but the work was very trying to those, who were unused to this kind of labor. 
The trail finally led along on a high ridge 300 meters above the water until niglit.fall. 

January 1, 1908: About 10 a. in* some Bagobos came back on the trail a,s 
carriers, and soon after the camp of the advance party was reacIuHl. 'rhis 
place bad been established by Major E. A, Mbarns, Medical Corps, IbiitcMl 8tai(ks 
Army, who bad been in this region collecting botanical and zoological inateriab 
The elevation as determined by the boiling-jioint method is 1,854 meiers; the 
barometer reading giving 1,002 meters. This camp is Hituated on a little shoulder 
of the ridge in a fair growth of timber and close by is a small Btream of cobl 
ivater, containing both iron and sulphur salts in solution. Tlie summit *of the 
mountain can be seen From here through an opening in the trees aud the fumes 
issuing from the huge crevasse on the eastern side ate als{) plainly distinguishable. 
A See,, Plate XIX.) ^ 

"Manul^ry 2, 1908; 'The trail first leads.' upward through the heavy timber iu 
mossy 'forest belt, aud Then' drops 'into a 'Small, creek bed which it follows, up 
to 2,250 meters;' here it passes;beyond the 'timber Mine 'and' through a growth of 
small blueberry bushes and 'stunted shrubs ' finally ' reaching exceedbgly . rough 
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ground; however, there are neither ashe?^ nor lava. The pathway follows the 
south side of a huge crevasse visible from far below, and after following 
this for about 300 meters crosses to the 33orth side and continues along 
it and around its liead to a knife-edged ridge leading to the summit. This 
crevasse in some places is probably 20 meters deep and 250 wide, it has eight 
or ten vents from winch vapors containing sulphur dioxide issue. A cone of 
fairly pure sulphur surrounds each vent; in individual cases these deposits may 
reach dimensions of several thousand kilos; possibly there may be 400 metric tons 
of this material altogether. It probably could not be handled conveniently. 

A clay tablet with the inscription— 

La I'lnica Expedicion d Volcan Ap6 
18S0 

Montano y llajal 

exists at about 2,350 meters’ altitude. 

‘ Our party reached the summit at a little after noon. So far as is now knowii, 
this is the highest mountain peak in the Philippine Archipelago. The altitude was 
determined by tw^o trials with the boiling-point method, which gave respectively 
2,056 and 2,902 meters. The barometric reading at the first trial showed 2,811 
meters, which number is, of course, considex’ably in error. The old Spanish Coast 
and Geodetic chart of this region gives 3,143 meters, but work now being carried 
on by the Coast and Geodetic Survey of the XTnited States shows that the Spanish 
work in these waters is in error. 

The records of several parties are found on tlie summit, the earliest encountered 
being that of Schadenberg and Koch, 1882. None of the Montano expedition 
of 1880 was visible and possibly the tablet at about 2,600 meters’ altitude has 
been carelessly or malicioxxsly removed from the top where it was originally 
placed. 

The highest point of the mountain, as determined by measurement, is reached 
by crossing a low sag to the next pinnacle, and here is placed a cairn containing 
a brass tube with a screw top marked “S. C.” Inside is a neat scroll of the 
Sierra Club of California, duly stamped with its seal and signed by its president, 
John Miner. This scroll was deposited in the month of October of 1904, by Dr. 
E. B- Copeland, formerly of the Bureau of Science. Our party ^vas the first to sign 
on the register. 

Sights, with the transit, were taken at all prominont points of tlie 
topography and boiling-point detemhnations wore also Jiiade. althongh 
the work was ranch hampered by fog. Idle weather cleared in the late 
afternoon and we were able to observe the panorama from the summit. 

The Gulf of Davao was plainly visible with its island and coves, encir- 
cled by dark green wooded mountains and long volcanic slopes. The Bio 
Grande cuts across the foreground as a silver streak, extending far in the 
midst of many folds of green which continue without break to the skyline 
to the westward. The vast extent of the jungle in thi.s island is very 
strongly impressed upon the observer. Mount Matntan is visible some 
62 kilometers away, appearing as an isolated cone. It was sighted 
with a level, and appears to be but little lower, even at that distance, 
than the point on which we .stood. If the curvature of the earth is taken 
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into consideration^, it is quite possible that Matutaii will be found to be 
appreciably higher than Apo. iSTo record, bo far as I know, of an 
ascent of the former exists. 

Mount Apo shows a circular depression suggestive of a crater at 
the top and, although tlie rock is igneous and gases issue from a great 
lissiire in the side of the mountain, 1 would not, in (he strictest sens(\. 
term it a volcano for the following reasons: 

1. Tliere are neither asiies nor signs of lava. out.])ouriiig'H; the rock on this part 
of the mountain is rntlier more holocrvstalline than elTiisives usually are. 

2. The **'cratery’ as it apparently shows no signs of the products of viilcaiiism 
about it, might be explained as a. water erosion cirque; this question will ho 
discussed more at length in the pa.])er on the geology of Miiidajiao. 

3. The strncture of the mountain is schistose due to pressure and shows clearly 
that this is a structural peak. Phit<‘ XX shows this sehistosity uud its aiiti<’HmU 
course. 

The morning temperature at tlio summit wan 8^^ (h A snuill lake 
exists on a slionldcr of the mountain, apparently al)Out 500 meters Itolow 
the summit; it was not visited, ddie return to Davao occupied two days.. 
Here T left the expedition to return to Manila, and Mfxssrs, Goodman and 
Ickis continued the recunnaissanee from Davao io Surigao by way of 
the Agusan River. 
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A Kl-iCONNAlSSANCB FROM DAVAO, MENDANAO, OVER 
rHE DIVIDE OF THE SAHUG RIVER TO BUTUAN, 
INCLUDING A SURVEY FROM DAVAO TO 
MATI.--NARRATIVE OF THE 
EXPEDITION. 


\>y iMAUuiGE Goodman. 

( From Iht' FiriHi<ni of Bureau of Fcienee, :\fauila, l\ /,) 


lNTI{(H)U(.',TfON. 

r»ofurc (ho m*niHiuis8aiUH‘ from Davao to the Agiisan River, 

I <l<‘(mle<l (hiring a short aliseiK^e of Mr. lekis to make a journey from 
Davao t(^ llati, in order to eolleoi g<‘Og‘raj')hieal and geologic data on the 
trav(n\s(^ aca’oss tla^ fhijada. Ikai insula,. Tlu' overland route was taken 
hoih going and (doming. 


TIIK Pl.rJAUA PKNINSlfLA. 

ddui siart was made, on danuary 1(> from Piso on the west coast of the 
(hd! of Davao, in a small vinki or sailhoah to tlm Moro village of Sumlug 
\vhm'(‘ 111 OH* Moro guid(‘s and earri(*rs were* obtained; tlicvnce we went to 
Koabo, a des(*rt(Hl village with only a few dilapidated huts and a small 
number of e(K!onul iinn’is, farther south on the east coast of the gulf. 

1''1h* coast liiu* of this portion of .Mindanao was at this time being 
stirY(\ye(l liy a jiarty from (tie Uoast and (leodetie Survey. Therefore^ I 
eonUned iny lopogra.phieal sketching (,o the interior. The distance be- 
tw(,Hm (luH ilulf of Davao ui Koabo and th(^ town of Mhiti on Pujada Bay 
is approxiinai<^ly ?31 kilomcterK;, and bciwcxm Die two coasts the country 
is mil indy uneultivaied and .uninhabited. The trail for the most part 
h*ads over a slightly hilly country., covered with a comparatively thin 
forest' growth whiitlg liowever, is sthlieicntly dense to make observations 
ii}>on promineni points at any distance from the path almost impracticable. 
The ridge forming the backbone of the peninsula which terminates in 
Gape' San Agnstiig is rattier low at’ this 'place, being less than '200. meters 
’ above /sea' level ' where the trail erossos .the divide. ' The core of tins ridge 
is of ’igneous origin ' and has undergone , minor metamorpMsm. The 
original,'' unaltered', diabase, which is the; most common rock encountered,, 
present’s ' the typical ' ophitichBimeture 'and 'contains in 'addition to .'the 
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•feldspar and icrrouuignesian a (^onaidnrabh* jiroporiion of sim/- 

ondary quai’tz and roida’oj^eopio ('rysiaKs of apaiiii*. 

A fra(duml, hut hard and silit'OoiiK non(•.r}^sl.al^^n(^ rook, whiidi inulor 
the microscope plainly exhibits a How structiinu is jdso efuanmhuaMl. 
ddiia is iindorihtodly ihe surfaer^ phases of the i.a,iUM»us How. Aiioiher 
phase of ihe basal .nuA is a (*hhH*iii(* stdiisi^ riHidish-hnavn in uu\i’‘ascopi(‘ 
specimens^ and containing a larg(i anionnt of secondary qua,rlz. This 
rock is probably an alteralion prodind; of the original. dia,ha,s(\ 

Both coasts of ihe peninsula arc (uanposed of s(Mlinnudary siraia. A 
pink limestone intersected by numerous veinhits of (adciiti rests on ilu! 
west flank of the igneous intrusion, wliilc ilu^ east <M)asi is mainly 
(jonglonierate and brown shale. At M.ount iiadas llu‘se IhhIs attain a, 
tluckness of ever 180 meters and dip about d5‘- toward ihe sout!iw(‘st. 

Bast of Mati and between the Bays of Ihrjada and Mayo is a. stred-ch 
of agricultural land about 13 kilometers in width, d'lu'. gia^aiiu* poidion 
of this consists of a table-land, elevated about 30 nuders ahov<‘ tlie g(UKu*sd 
level of the present coastal plain, d'he plaioau is i(‘rmina.tcd to ihe 
(^.ast and west by steep slopes; on the sontig a narrow spii, of hni(\, whidi 
at high tide is but very little elevated above the S(a!., c()muMd.B this table- 
land with what originally was undoubtedly an island oft ilia main eoast^, 
but is mow th(‘ sonthern point of tlu^ peninsula whicli separat(5S l^ujada 
Bay from Mayo Bay. 

The country htH'omes .more rugged and mountainous oast, of M.ayo. 
The geologic formation is entirely stMimentary. ddie judge extending 
from Mount Mayo to ihe bay of ihe same name, ierininatcs in a hloff of 
conglomerate, dipping at an angle of approximately 30“ to the east. At 
th(3 coast line, the conglomerate presents a scedion of about 150 to 20i) 
meters in thickness, and is compoBed of small, igneous bowlders. dMu' 
wave action on this coast is extremely powerful, pariicndarly during tlu3 
period of the southwest monsoons, and tlie resulting erosion of ihe nofler 
beds is plainly marked. ■ 

At a, place called Lueatan, about midway between Mjiyo Bay and itu* 
town of Tarragona, the formation changCB from conglonieratis i;o linuw 
stone, the latter apparently overlying the former. Thii liineBtone is 
coralline in structure and is plainly an old reef nxdv that has been devated 
to its present height by the general U}>lift of the (^oast. Tlie dip and 
strike of this formation could hot be ascertained, ;bui- as it is succeeded 
'on, the Md By another 'outcrop , of teon glomerate, dipping about 14“ 
in the direction ;S. 77“' must be inferre'd tiiat the limestone 'lies un- 
eonformably^oh the underlying conglomerate, or. else thatllie uplift was 
succeeded by a later stage of subsidence. For lack of supporting eviclen('(‘ 
of this latter theory, T am inclined lo believe, 'tlxe .existence' of an 'un- 
conformity the more probable. , ‘ ' 

An outoroj> of a S^atn of coal about^SS centimeters thick exists on'^ the 
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south bank ot (’ubatoc Creek, about 9 kilometers north of the town of 
Tarragona. The seam clips at an angle of about 15'^ in the direction S. 

E. A eongiomcj'aie or coarse sandstone iuimediat(‘Iy underlies it, 
while above lii^s a, soft, brown shale, wliieh in turn is overlaid by an 
impure limestone, 

The coal shows traenss of its original., wood^-^ structu]*(^., is separated by 
several day partings, is lignitic in diaraeter and coniposiiion, and yields 
the following analysis as deftnanirud by tin* division of diemistrv of the 


r Sihuu-e; 

Ver eoiit. 

Water 

11.47 

Volat ile ('ojnbust ihh^ mutt.(‘r 

28.87 

Fixed esrboii 

14.08 

Ash 

50.5S 

Oaloi'iiic value in (uilories 

1,750 


The sample submitted. wa.s obtaine<l fronr the only observed exposure^, 
and tJio low grade of the coal as shown by the analysis must therefore be 
partly charged io tlui long period of Aveathering Avhicli such a surface 
outcj'op must naturally have undergone. However^, at best;, because of 
the tliinnoss of this the only known outcrop, tlie clay partings Avhich sul)- 
divide it and its long distance from any good port, the deposit must bo 
(ionsidered of very doubtful commercial impoihance. Its chief value lies 
in indicating tliat. eoiulitions favorable to the formation of coal have 
<^xnsted in this rcgioig and fuidher pros]>e(tting may reveal more promisiiig 
deposits. 

After making Ihis short reconnaissance, I returned to Davao, from which 
})oint the general plan Avas once jnore taken up hy ilie reconnaissance to 
the Agnsan Tlivei’ and down this stream. 

DAVAO TO THE AOUSAK" TUVEU. 

Mn Ickis having Joined me, avo left Davao on. January Jl., having 
recMUVc'd as guide from tin? tribal-ward headman of Lasaii the services 
of (lomansing, bis Moro chief of police. Wo traveled by launch, for about 
six liours in a ;^or^iHlortb(’*aBt(^r]y direcd/ion to the inouth of the Tagum 
Diver, and up tlm latter about lOJ kilometers to a small aggregation of 
lints known as Bincungan, The <*oast line as far as we could obsmaa^ 
was,tliickly Avooded, and only occasionally patches shoAved signs of cul- 
tivation. The inhabitants of Binenngan are for the greater part Manobos. 

la passing tlirougti the Straits of Pakipntan, Ave oneountered a fleet of seA’-en 
pearling veHsels actively 'employed upon .an xmusually rxeli bed of pearl shells 
deposited upon a narrow slicdf on the west coast of Santa 1 I, si and. We learned 
at a later time that the bjutk Avas stripped hi about six weeks, and rvhile valuable 
beds still remained they were ,at depths which th,e local divers with their ap- 
paratus considered unsafe.' 
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roiili^ was a.t and rarritMl np tin* 'Faguni and 

Saluig Kivors ac-rnss lh(‘ divido io ihv Agusan irivnr, {linn down Iho 
l;o d'alacogon. 

Our facilities for this sort of work wovi' exinauely suiall. W'o luul uo aieans 
of o]>tainiin]i( with any decree of accuracy tlu' h(hh‘<I aiul iheref(>r«‘, the disiautM- 
traveled* We carried ota^ pocket atauxud aud oii<‘ hypsoTueter* t Othniainalely 
the fovtner was accddeiiily hrokjai ou the fouriJi day otit, so lliai wa* hatl to esiiutaie 
all altitudes, eluH-kitija' them wlu'u opport.uuily oJl'tu'ed with the fiypsotueUu’ aud 
vertuail angles tak(‘U with ?i Bruntou Pockid. Transit.. However, I should say 
that eousidiu'ing iJie disa.dvanlagi*s tnuler which w<‘ workisl otir ctmibinfsl «‘Hi it»iates 
cheeked surprisin,irly \v(dl with whatever mon' or less reliable ilata \V(‘ eoidd obtain. 

We tairried a. ehrononietsw aud transit for (In* purposi* of (hd ('rnduinn' Ou^ 
^Tiiphical position of various points on <atr rotiOs hut tlte rate of the chrououietei’ 
and some othtT essential notes \ver<‘ irredeemably h^st wdieu Mr. lekis was iuurd(M-<*<l, 
so that these checks are lunv tmpo.ssihhn 

The 'Taguni Hiviu* is navigabh* for lainudies 1‘roni Binoiingan ns far 
as the barrio of Biaksabangan, The riven* narrows down from altoui 
90 meters at the fornuvr place io approxinmi.tdy 00 ni ib(» biiinia and its 
hanks^ wliich are about F> in(d(‘rs above bigb-waler bwuT art! jiariJy cul- 
tivated in hemp. 

Biaksabangan is the junction point <»f tlu^ two main rivi'rs, which go to form 
the Tagum, The west<u‘n brarudg the Liluigano, rises on {h<‘ south flank of tie* 
Tanamboyan range and flows southeuBt towanis Biaksabangun. Very lii.th? is 
known in regard io the valley of tluB rivtw, bnt. it is supposed in be tudtrely tuuml - 
tivated and to he inhabited by Aias an<l oilu'r savage tribes. 

We left the lairneli, ni IMakpnbaiignn, ami continued our jourmy' up 
the Sahng Eiver in a hanca^ Tlvis stream m about BO nietcvrs wide at its 
mouth, and flows in a tortuous course ihrottgh hanks olevalcd about. 5 
meters above the water IcvoL These (Hvimisi of a, brown anti blue 
clay soih overiyitig sandsiono. ''Phe beds are practitudly borizontal with 
the exception of minor folds of very limited extent. 

The people are longdiatred Mandayas., and are imgagtMj for lint most 
part in the cultivation of small patches of luunp, for whii^h theur sandy 
clay soil seems to be well adapted. 

' d^he first sto]) on i.lie Sahng waa at the barrio of Jvambangny, 
Midi to row ns 'further up tlui stream were Bocured W'ith great difiicjuliy, 
and only ^ after the headman of the village ]>rDvldect tlio party with men 
amed with spears and shieldB. ^Jhn river is 'Only' about 15 r'ricters wide 
at' this, place and. continues to grow narrower up, to the barrio of Kalili- 
ulany about ''drykilpmeters up the stream. The 'banks 'rapidly become 
, more thinly 'populateclj and the eultiyation grows proportionately thinner. 

.observed' d:ark^'_boggy^ deposits^,; 'consisting largely of 'leaves^ 'twigs^, 
and branches at 'numerous "plaoes;’ along' the. stream',. These deposits , w'ere 
0.6 to 1.3 meters thiek^ and some; at least showed 'distinct planes of 'Sedi- 
mentation. . They were plainly of quite recent deposition, and further 
ebhvipced us of the fact that this^ region is one of recent elevation, 
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Wfi Hiartod from ilie ])ai'j‘io of Ivaliliclaii on tha (Iftli clay of the 
joiinu^}^ with twolvo naai all armed with spears and two Avdth shields. 
No Moros liv(' aloty^’ tli(‘ Salmi;* hh\(‘r north ot Kalilidaii, iuid we met no 
om‘ wlio I'ouid spi'ak Spanish until we reached Vhriiela on the Agusan 
Khvany where sonuj of llie munitdpal oHieials talk that language. 

aiK' abiUidoiHid about a kilometers north of Kalilidan at a small 

barrio i(‘i*mc(l Mnulinlad. 'Tlie river widened from about 15 meiers to approxima- 
((dy ,‘U) lud.ween Kalilidan and Mantinlad, but it also shoaled very imiclij so that a 
short. (listaii(^(‘ layond Mantinlad, it ))e(‘a)ne impossible to lloat a loaded baiicu. 
Sevei'Ji! more de|)(.).sits of black, s(mii<lceomposed and ]»artially (carbonized vegetable 
matter resembling peat wm-c^ obs(‘rv(‘d on tlu' banks. 

We tra-vnhid in «*i norihcaisierly direction from Mantinlad through a 
rather thick forest, (dimi)ing two j)ilh a]) 0 iit 75 meters high, and return- 
ing i.o the Sahug, wIkuh^. w(‘ eosscal ov(m- 1o the right hank. The ground 
was too 1hi(d\ly ('oveixal witii vegetation to permit of determining the 
underlying geologif/. formation, l)ut to judge, front its coniiguration, from 
occasional hfmddtu’S ami from (lie cliaraeter of tlio soil, it is presumably 
stalimeniary and prohahly an argillaceous saiulstorue In the Ited of the 
Saliug Kiver w(‘ picked u]> numerous liowlclers of coralline limestone 
and (tah'an'ous conglomerate^ of apparently such recent origin as to hear 
out tlu^ tln'ory that iliis part of Mindanao has ])e(*n (devated above sea 
level in a com])arativtdy ro(?ont period. 

The boundary line between the Alandayas and the AIaiigiuina.s i.s at ap}>roxi- 
niaiely ibis point. The Manguanas dillVr ])ut litth* from tlu'. Alandayas in personal 
appoaranee. Their dialecd*. is not quite, i.be same and their habitations are a 
(h^parture from any we had previously observed. For the mo.st part their villages 
consist of snmll groups of dwcdlings hnili on high posts, strongly hra<3e<l to prevent 
swaying in high winds or earthquakes. Access to the lioiise is gained by means 
of a long, round poU‘, about 12 or 15 ceniinieiers in diameter, whicli x>as,ses through, 
a, hol(‘ in tlu^ tloor 4,5 io (» nudevs al>oV(‘ the ground. 1.1ns primitive sealing ladder 
is Htd. a.l, a v<u’y hUm‘p angle, and imstead of rungs it ha.s notches about 5 centimeters 
d(a».p cut into ih(‘ front of it. The door sjiaee is about Jf by 7.5 meters, and th<^ 
house, is usmilly entirely opim at the sides with tlm exception of about two or 
|,hr(c» widths’ of boards iiuiuediately above the iloor. Although these people all 
|H)ss(*Hs long and highly ornnmeuied spears ami bolos, tlie bow and arrovs** is the 
mor<‘ commonly used weapoti. 

The niitisual (‘bandion cd’ tludr !ious(‘S is commonly su|>poHed to bt.^ for the purpose 
of sle.( 5 })ing out of reach of a spear. However, the doors wliicli might be made 
of boards as readily as ilus sides are in all the houses we saw made 5f split bambotu 
Wheiher or tint this is tlie jnain ptirposc for elevating the houses, they serve well 
as watch tow(‘rs lo guia/rd the mmofo and corn patches winch usually surround 
thetm 

Our earj'iers clescu-lcd at tliis poiat, aird when alter great difficulty wo 
haxl suuured otlicrs?, tlie journey was continued northward through a 
practically uninhabited eomitjy, for the most part along a thickly wooded 
ridge about 100 meters in elevation'. , Outcrops were very few and- far 
between, but from pieces of float wo detenninod the underlying formation 



{JOOOiMAN. 


506 

i(j be a yellow limesritone oT euralliiu*. ori.i>’iia rau,u‘iu,i;’ iii haniiioss froiti 
II very soft, ponuis varic'ly 5^ nimosi hobxoTsialliiHo 

On Febniarv '0 in a. norilierly iliriHiion for a ,i;Toal 

pt>rl;ion of the (iisianeo in lli(‘ IhmI of Ibnlyan (bvrk, whiiF is a Uraiu'li 
of the Magana liivcaa ^Piie la, her is a.boul :^n nabors \vi<U> wiun*(‘ \v<^ 
cvomid; it flows in a sontla^aslnrly flinu'iion into Lhi‘ Hahug i»ives\ 

During tihis (OiOre day \\v. eue.oind.eiaHl only otdorops »»r an itnpun'. 
ooinpaot, and gia.Miiiish agjHMiring sandsliOiu^ <'tudaining a, small aiuoiud oi 
oaJeite, 'rii<‘S(* lanis, wlu<di (‘videndy imdnrlio ibo limofaoma slialo* In a 
general north and S(”Mdh dirindion, and dip a(. sloop bui, vaiyiag niig;los 
to the w(5stward. 

The .roidi^ ('hang(Hi more lo Iho iiorih(*a.sj on tla^ following day, asoond- 
ing a densely wooded ridg(i iernwHl Mount K inaluiungan, whicdi we 
eRtiimited to be about l.Od nieiers abov<^ siai hn'ol at the {daoo wlaua* w<» 
orossed it. Tliis was tlu* (ligho-si (dovatiou atiaiiiod mi iho trip (o ilu' 
AguBaiu 

Moutit Kimibuuiigaii forms inirt of ttio. raug’<' wIijoIj oxUmds from Mouni. ibo 
aumboyaii ,in a nortlieasba-ly direction to Mh‘ Agusan llivcr. I'his range (‘oiiHti* 
tutca the norUivrn. bouiulavy of Uu‘. ySalntg Uiver watorsioMb d'ho, inc.Uuation of 
tlie saiKlstoae beds swings ibrongh a«r angle of {ibonl; 45'' in <lire(d.ion, the dip 
dianging from w«^si. 1o norihwesi. and the strike be<M>ming approx imalely piiralbd 
to tbc Kinabuungan niouidniii rang(‘. 


All oxitcro}) of fossiliferoim elay was ol^servin! on Iho Ma,utd(H‘ hdvmy 
at an elevation of about 175 meters atiove sea h‘V(‘l, ov(‘rlying a, iionglom- 
erate which in turn overlu'S flui samlstone. ddui fossils were all of 
.marine shells^ apparently o! very reoent origin, ami. many of them had 
been so little distinhcd and st) well prew'rved Ihat they sill! reiain I heir 
original color and polisli. 


Travel was neeessarily slow a,t this owing to mu-eul rains heeause 
of which the rivers were swollen, so the parly was ooinjndled to sfiond 
the night on the Imnk of tin? Maiaunim River. 

The clay beds on the following day's ma.reli showod some signs of 
inereasod dynanih*. action. Idioy iHHuime souiewhat.' foldod and eleavagv 


plancB, developed, perpoiid'ienla'r to tite hmiding fdaxios. W'e Iravrh.ul 
almx)st, dec east until we again .encountered the SaJmg hd'vea' w'hieh Wi' 
'Crossed at tlie 'l)ar.rio of Banglnsan. At; this imint the stream is ahoui. 
15 meters wifl% flowing betwociv day banks af)out B metevrB higlu liaii'* 
glaaan.'^ which is,, about 200 meters above sea levolyis the largest 'barrio we 
ohtered since leaving the Tagum Biver. ' ■' 

Orie'of the 'affluehts of ' the ' Salmg called Tabirnaium Dreek^was tlm 
line of march on the next^moming' '.almost to the 'barrio of Hoagusai'v. 
which was reached early in thn'day^ .This place is 'Situated on the divide 
betwemi the Sahug and Agu$an Bivera^'.and according trr our .liypsonieh.w 
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hui just aii(u* loaviDg' Eaiiglasan one or two small bowlders ot a basi( 3 , 
igneous rock wci*e seen. For lack of any positive evidence to tlxe contrary 
ii is supposed that- those ])owldors originated in the underlying con- 
glouKU'iiie and had worked loose from the 'matrix on weathering and 
disintegration. 

triie d(\seenl liuin i.h(^ divide to tlio Agusan liivor was made along the 
hod oi: ihanglag (Jreek. I'his stream is only about half a meter wide 
n(‘a.r its sonr('n, frni; is fed hy nnnierous branching streams, so that in the 
7 kiionioi(U‘s ol its eonrs{', to the Agusan it grows to a stream about G 
meters in width and more than a meter in depth. The descent is fairly 
U!)iform iu gra<ha and the sides of ttie gorge it has eroded are high and 
sleep, as fai* as the valley of the Agusan. 

ddie ihuiglag runs, over a series of strata beginning with conglomerate 
am! sandsiono lying ])raciieally level near Hoagiisan^ then over fossilif- 
orous clay IkhIs striking N. If)'''’ W. and dipping 35'^’ northeast. These, 
beds ai-o in turn undeidaid by shale striking Ah E. and dipping 
towa,rds thc.^ so^tll^^ast, and in ilie Agusan Valley by a coarse, calcareous 
sandstojie, which strikes approximately N. 60'^ E. and dips about 25^ 
l(j the southeasl. llhis last sandstone contains large fragments of marine 
shells in a calcareous matrix. 

Mo evidci,u.;(^ of marked or jncent carthcpiako disturbances were ob- 
served on the route followed by the party^ ]>ro])ably because the suh- 
v'^CMpumt; lieavy growth of underbrush has erased or hidden the scars and 
tissures that may luixo been cansed thereby ; however, the territory tra- 
viu’sed is supposed to he a region of violent seismic activity. The Eev. 
M'. Saderra, Mas<h H. d., in v-riting of the scusmic center of the Agusan 
IJiviJi' slates:’ 

“Tlsis iViruH is pess^ssed of jL»Toai seismic aelivity, as is evidenced hy the long 
Heries of takes ohservttcl ami carefully recorded )>,y the Jesuit missiouarics 

of iha.t region sinct* th<^ year 1800, .lu June, 3891, a violent eai'thquakc was the 
beginning of a hntg stud f<*arfnl wdsinic period. Tins earikpuikc produced most 
weriouH deHiruelhni io tln» houses {unl ground; t'orttiusttely owing to the wildness 
«d’ iho eountr>% (h<‘ri‘ was little loss of lih^ or of projHirty. The falli.rig hanks of 
l.litt liver danum^d it in many spol.s. Ijong and witlc lisHurt^s were o 3 )imed every- 
wluu’t*, especially on lln^ hills sepiiraiing the Agnsari Valley from the Hijo ami 
Snhng lUvm'H, whitdt mnpty themstdves into ttn* Davao (jnlf. The earthqiiaki^ 
hisied stiveral minntes, itnd during this time, Htt.ys an eyewitness, tl'te ground was 
moving as the Ironhled H<‘a, During the following monihs, or during more than 
a y<‘ar, tlie earth tr<md)lcd with more or less force every (lay. In June 1892, 
there was a second viohmt distiirhaucc, shaking the same region 'and renewing the 
havoc of tlu '5 preceding year, These two earthquakes shook tlic Island of Min- 
danao nearly finan end to end,' and were fairly perceptible iu the eastern Visayas, 

*'*Sinee ihese diit(*s small shocks have been more frequent in this region than 
in, any other 'part of Mindanao. Their cause is ’probably geoinorphic rather than 
volcanic. There arc unmistakable signs that 'the Bouthern coast of Mindanao, 

' , Volcanoes ami Seismic Outers,', in .Census ;of the ' Philippine Islands'. ( 1903), 
■1,'204t 
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<Hnupri.s(Hl (oiaUalo ami Point, tin* Jiiost s<nit!i(*rti oiu* ot Uu' 

iwUmd, isri at |)res<‘iit. \uu{(‘rj^’niiip' snhsi(l<‘mM‘, whiln, <m tlu* otht*r hand, an U|t!h‘jn’a.l 
snaius to b<*. on in tln^ norihtaistorn and Paoilii* ooast. uf (ho, island, hdio 

soutiuvost.orn pari of llu' <‘pi<M'niral ro^-ion, ospooially iho hills or low raii.avs 
wlu'ro tin' wi<h‘s( lissuros w<'ro opono<l, may )><' ooiiwidonMl as (ho jninhion Ih'Iwooh 
( ho oawioni ran,i''os of Mindanao, running from Snri;4'ao (o (In' Sa!i Aynriin Papo, 
aanl the (andraJ one, .stn'inhinjO' from (he Dimiia, a.ml, Sjpjnai Points in (he north, 
io Pan^'iiihn Poini. in tin' south. All tin' roeks in this ran^ipn Uiroueh whioh run 
t ho Sa.hn|:i' and i.}n''tnhdaa Uivers, are of madrepon* and p<dypus id' reeent foianaiion, 
a Itinaialinp' with May h<‘ds and Hnu'stone st.ru.ta,.’* 

MONOAVO TO BirrUAN ON TUN AOOSAN hlVKlh 

l’'he A^^'usaii Iriveiy just Inflow iJio town of Moiinayo, was roai'lna! on 
the afternoon of hA'hmary Hh tht‘ ('l(‘V(niili «lay after Imwinp; Uavao. h’ln' 
river at this place liad an juairage width of 11 nad(‘rs aiul was alanit td» 
rneters dtM‘p at the time of our visit. There was a surfac'e (*mTent aver- 
aging 3.8G kilometers per lumr, equivalent to a diseharge of enhic* 
meters |.)er vSiH'oml M.fnuaiyo (consists of perhaps hndy houses and is 
inliabiied by llnibaos. 

Tho ma|> of tln^ river which aocompiunos this O'port shows tin* town of 
M.onCiiyo to ho .situated on, t.ho rigid, or oast l)a,id< of tho .Agu.saii River, about. 
134 kilometers south ".southeast of Butuan. Mdu* a<*tual distam*e t«.> Podoau, as 
measured along the eonrse of the river, is appro.^iinaOvIy ‘iilO kiloin(d<‘rs. Our 
hearings Avere obtained with a Biaudnii Poelod Transit, whih* tht' tlisiama's wi'rt' 
gauged by time. 

^Phe party left Moneayo on tli(‘ morning of hVlnnia ry 13, lloating 
downstream in a small boat. Foriunaiely wt* bmi the muToid (d! tins 
long river in our .favoih otherwise, pariiindarly during tin* period of In’gh 
waters in wlucdi we traveled, jirogress would have, beim exlrinmjly slow 
and laborious. The banka nearly evm*vwliere 3 In 10 mtdnrs high and 
as tlie valley of the Agiman is vory wi<le and ihd, obsirrvat.ions (amid not. 
1)0 obtained on peaks or mountains. 

Ban Rafael, a small barrio of the town of dativa, was r(‘aelu‘<l in the 
afternoon. 

The people of San Hafael resemble eltwidy tlH» lhahaos or Mamlayas from 
farther up the river, but they call themHelv(‘» AgimItanoR, whitdi is probntdy a 
, local uame,, for we heard it^ nowhere elHtn , Tlu^y poHsiwn a' eorrugated irornroofi^d 
, church, the first we .had seen since k»aYii.ig Davao, but this m wcdl as all thirot1u'*r 
buildings in; the barrio ' is in a very dilapidat-ed eonditiom 'IMie thwHiugs are 
construeted more, like the typical Filipino hut, and in 'place of the high, opc'ii- 
walled ' houses' with scaling poles leading up to the.m, such as are coiisi.rueted 
everywhere between the iSahug and this place, all, wiili only one oxe(iptiou, ,had inpa 
Avails and ordinary^- 'short; bamboo ''ladders. ■ . . ' . ‘ 

The banks of the river between- Moneayo and San Eafael consist almost 
entirely of a clay slrale lying practically horizoirtal. A bank oC fossil- 
iferons blue shale about 9 meters' high .exists at a, place, below the barrio of 
I Ta^ttsap, on die w:®t li4.e' of the river. The foseila wliioh are all of recffli,t 
'mariae Origin; 'ar^ psetretOj^y ntimeretia and splendidly preserved. , , 

‘ -1 -,i , j I ‘ ' I ' 
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A (u)iisi(lorabio amooDt oi! chalcedony, and igneous buudders, mostly 
andesite, carrying se(ioiulary ([iiartz and zeolites was observed at tlie 
juiK-tiou of t])e Agusan and the Ihioy Eivers. These rocks are brought 
down l)y i.h(‘ Ihioy Itiver froju the mountain range which separates the 
drainag(! arms of tlu‘ Agusan Ihver and the hacilie Ocean. We panne<l 
sonu^ gravel froin luair the mouth of the Buoy, but could find no colors. 

W(^ hd‘t San Uafael early the following inorning, floating downstream 
widi the current and arriving at the municipality of A'eruela at 7 o'clock 
at night. Tile river was straigliter and the hanks soiriewliat higher and 
more timbtUHid. ’'Vhv. Agusan is wide and deep at this part of its coiirsiy 
and alfoi'ds a S]>Iendid avenue for transportation, but lln^ country is so 
thiniy ])t)pulatcd that very few hancas were encountered. 

In spite of the fact that this region is one of the most marked centers 
of fre(iueut and intense scismii! disinrbances, the lieds of soft clay and 
shale which, we found outcropping on the river hanks lie practically 
horizontal and show no eiTects of dynamic action. An estuary leading 
into a small pond which drains into the Agusan is situated at a plac(‘ 
called Maasin, aliout d kilometers south of Veruela. An outcrop of soft, 
blue shale., coniainiug a largo variety of fossil shells in an excellent state 
of ])reservation occurs on the west liank of this estuary. These fossils, as 
well as those collected a,t Tagiisap and other places, have been sent to 
Dr. rimitli at Leiden, Holland, for study and comparison. 

Vkaaiela was the first so-caljecl (ihristian town that we entered after leaving 
Davao, and it is the largest on the upper Agusan. I should judge its population 
to be about 5,000, iKjarly equally divided between Christian Visayans and con- 
qimlafi or IMainlayan eonverts. Tlu‘. principal pursuit of the inhabitants is the 
(‘ultivatiou of abacfi and rice. 

The river at Veruela. i.s considerably wider and deeper than at Moneayo, but 
not as swift. According to our rough measurements it is 01 meters wide, about 
2.5 meierH deep, and has a surface vcdocity o,f approximately 2.17 kilometers per 
hour. Thesii ligures e^orrespond to a diHcharg(‘ of aboiit 05.5 cubic metei‘s per 
sivond as agaiust 04.5 near Moueayo. 

''riie hanks of tlu^ riv(u‘ about a kilometer hedow Veruela gradually 
hccouH> lowt‘r, until they disappear <mtircly; the main (diamiel is choked 
with V(‘gi‘ialion and iJu; eummt is vmj much reduced. In place of the 
splondi<l river, tluire is a swampy jungle with alternating, swift, toriuoiis, 
and narrow (channels and. again wider stretches of almost calm water. 
Idiis portion, is tcirmed Lake Linao and is a part of the Agusan Eiven* 
system, lake is prol.)ably formed by a local depression of the snr- 
fac(b attendant upon a movement of the earth’s crust. Tliore are several 
lakes in this l)aBin, hut their boundaries are not well defined and a channel 
connects all. 

OlavijO' was 'reached in the afternoon. This town consists' of 'one 
eliurch witlr corrugated i'ton roof, and five dilapidated nipa huts,, all but 
two of which were abimdoned, at the time of nur visit. 

. :T8m~-T ' / , ' , '■ , , " ' ' ^ , 
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The course of ihe ihckI day's trjivel was vtiry uiucJi tie' same ;is I lie 
|)reeeiliiig. A sabmergcMl basiti was lrav(M*s('d wddeli appears In lui aboai 
eipially divided helAveen low. swainjw ground and lakes, (he laiita* being 
comieeted one with anoihca* by narrow and erookc'd ebannels wliieh in- 
lerseet ttm swamp in all direniions, nniin siream of ilu' Agasan 

irivm* was reaelied aboiii nocm. At ibis poini if. is about in PA mefers 
wide. Tim b 5 ud<s aia^ vtuy low, and in pbietss, during bigli waicu\ only 
the tops of lh(‘ high grass inditaitr ilmir posit iom This region is i'ldindy 
uninhabited. We arrived at. Marlines artnr nine in tin/ evoning, am! dnr 
irig tlie eniin' day did net ine(‘i. a. singh* individual nor pass a single 
iiahitaliom 

MaHives is a. fair'sizoa town iidiat^innl lar^nPy l>,v (uunpiiHidH, whom' (‘hiiO* 
oeeupatioH is tlie (mlUvatioii of iibaefi. It is but an hour's iravol from Tahojoftou. 
ami ao we arrived at the latter imniieipality early iu tb<‘ moruini*' of Ktibruary IS. 

Aeeordirig to a. pnwiously arrtuiged plan Mr. iekis ami I Mr‘|>arat<u} at. t.bis 
point, 'Mr. Tckis iutcvnding to go with (toveruor dohnsou westAvard to Hiikiduon 
Hubprovince, and J to eontium^ northward t,o the mouth of the .\gusau River, a.iid 
then through the vSurigao PeuitiHitla t,o Pla<*er and (lansurau to investigate the 
reported gold oecurrcnees ah those ]daees. Wh both left TaljH'ogoii on the morning 
of February 21, J following the river towards its numtiL 

An outcrop of argillaceous saiuJstoie, bighly ihsHilit'eroiis^ occurs al t.lu' 
jiiactiou of the Maasaii liiver witli the Agusan. (dosi^ approach to Die 
outcrop is very difficult because of the force ol: the (jurrent at this poini, 
but B.evertheless a good (adlection of fossils was n»ade. dhio bcahling was 
observed to be nearly levels but the dip and strike could no! be ineaBunhl. 

Butuaiy, tlie t'apiial of Agusan Province, Avas ri^aelmd on ih(‘ afternoon 
of the following day, Near Butuan, tlie river Ixcomes qnife wide* No 
nieasiiremeuts wovo taken^ but at this point I estimated the velocity of 
the stream to be alHmt (i kilomelm-s per hour and the widtli about 140 
' 'meters. The ,banka_,^ which are very largely cultivated in hcunp. (mnslsl: 
for ihe most part of vshales lying praffiically horiv/mial 
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Tin; I-ISHHKV KhSOLIRCBS OF THF PHILIPFINF ISLANDS 
ILART I, COMMERCIAL FISHES. 


15.V Ai.vin Skadk. 

( Froiii Ihf Ihf }’<•<( i( (tf >SVw"(:)DT, Marlin, l\ /.) 


INTRODUCTION. 

Wu liavo ro.(U‘iv(Mi imnic.roiis nujiu^sis lor iiiroi.‘iDaiio.D regarding the 
eoinmurnial liHhuries of ihe J/J)ili[)[)in(‘ IhUukIs;, esiHHaall}' relating to tlio 
flillenaH. kiinls ol (nlihli* lisli and llunr abuiida run the locaiion of fishing 
hanks and IIh* nieihods oi* <^a|dur(‘. \V{‘ have also been asked il! fishing, 

onierf‘d inio as a, (‘onmaa’tMa! venliiri^ \v<nild Ik; prolitaljlia 

li is for the purpose of answiTing sonu^ of those (jinfstions that Part I 
of ibis siU’ies, basts! on my [tersona,! t)bs(U’vation in ilu^ various islands 
of tlu! group duriug jlu* past, ytair anti a halt, has homi prepared. It is 
luiptHl Unit, this paptu', t<»g’ellu*r with oiliors t(> follow— namely, Jhirt IJ,, 
Sponge hishm*ies: Pari 111, Pt^arl hislunnes; Pari 1.V, Other Marine 
Protiutds (asidt^ rrtan fishes, pt^arl oysttu's, and sptaiges)— will serve to 
t-rtniit' an iuituTsI and ludp in l.lu; dev(*h)pment t)F iho rith flsliery assets 
td' lht‘ hhnuls. 

TMR ANOUOVIHM. 

Ihintily FrmjrauthUv. (in, L) 

11iert^ are at hnisl four tIiHenmt spoeies of uiuhtivioH in tin; Pliilippino 
whIiu*s, (ht* namt abundant, ],H‘rhaps, l>eirig Anelimm commmrsoniana 
( Lanepi'‘^'l‘'‘)^ e.idltal ililh in, ^ihigalog, nummnon- in Ikfemo, and anahlat 
in Mt)ro. Amimria dnmtmim Bletlcer, i'.ertnctl dumpUaB in Ihigalog, 
and I'dpi/iii in 'Mort> is a hirge B'pecics, but less ahimdant than the dUw. 

Idle tioirniwn anehnvy (dilis) is found in great' immhers along the 
sliores of almost all the islands of the group; it is almost trausparen't, 
wiili ,very tfiiig deeidiioiis scalos. This spocioB is a delicate little fish of 
line flavor and 'would bring a good price, if put U}> in attraetiv<> form 
elttu*r'‘fn oil or Hpitag, or if made into ancd'iovy paste. 
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TLJE IlEKUINOS. 

Eaniily (JhiprUia. If.) 

Tlierii arc about iliiriccix dislincl s[K,H'ics of herring rcprcscJiied in ilic 
Pliilipphie waiers ainl. nolvviilmtanding iiicir rather Binall lliey arc 
of coxiside ruble eonunercial, imporiuiicca linn' abonrnl in ininicnsn miin 
ber!^; along the eouHl^ of alinont all the ialainls of the grmip. Snnie aia? 
more or Iohb rnigratorjy oihers sceni io roinain inuir one phaa,'. Largt' 
iniinbers aiai eanglit iir Manila Jhiy at all staiHons of ilu^ year, dliest^ 
.rcprcHent Ihe forms called l>uni<oy [Jlarenyuhi niolurcen.di< ( l>hH‘k(u‘) | , 
lamJnin (//. longiceps Bleok<u*),, and [//. (jibhiKm (Bledvcn*) j. Hir^ 
young of all species are termed dlifmi. (ireat iuiinb(*rs are- (‘aiighi; in 
corrals, ospoeially during May and June; {.h(*y a,r(‘ also iak<u! in ilui drag- 
seine, It is not an unusual sight to se.c large bancati loaded i.o the 
giuiwalo with lHU‘ring being landed at Ikmda beach, wlunv the lish ai'f.'. 
vsold to the Ohinese to ])e smoked and dried, dlie natives ifi /aunhoanga, 
Imy large qiiantiticB to eat in the fresh state. Any of ihe^st^ sardiiars 
would compare favorahly with. tlu‘ speci(^s phi; uj) in oil m ila.} Ihieifh*, 
coast. 

During the nine montlis from franiiary ilrst to Sc^plcmber first, IDOT, 
Bo, 000 pesos w'orth of canned sardines were imported into tln^ Piiilip- 
pines; this, too, with the Philippine waiers swarming witli sardim^s and 
with an abundance of good sesame oil which could !>e used for (ouining 
purposes, produced in Manila. 


THE BTOvinasinris. 

¥mnly A.lhcrmd(.f\ (PI. HI,) 

Tlie sih(uside, called guuo in Oligalog and Morn, and lid in riokamg 
is without doubt the most almndant fish in ihe PhiHppines. ii is 
almost impossible to land at any wharf or go ashore on any beach 
without Boeiiig these little fish in (muni less numbers, fiduyy iiHually 
grow to a length of from JO io 12 (xmtimeters, They Imvo a grcHHiish 
tint on the back and a bright, silvcuy band on the sides. filier(^ arc live* 
or six different species, but they appear so much alikc^ that the naiivcH 
have aot distinguished between them, calling all simply gum. 4ho 
most common species is poasibly Aiherina iemmimhi (Sleeker). 

The gmo are known as pmado^ del rey, ^Tishes of the king/^ among 
the Spaniards. They are greatly valued as food. The young are 
ierrhed IvJ^itebaitd The method of calching is usually by seine or cori'al 
hidwtry could be built up by preparing those fish in a good 
by pmlflihf theiUi^ith apiees^ or by drying. An abundant supply 

i I A Uj g ^ I ^ 
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for camuiig operaiioiis ooiild ho secured at any of ilu! following' ])laees; 
Manila, Jolo, Zamboanga, Sitanki, Puerto Princa^sa, and pei'liaps a 
dozen, other phases not v(d, examined. They alxnind at ail seasons. 

'run MAtJJvMK’KIiS. 

Piuuily Hvomhrtdiv. (PI. IV.) 

ddiete ar(^ at haisi. (dght diireiamt spiuaes of the niaekerol family found 
in the f*hilippin(3S, all of them good food iishes and of coinmerciat 
im|)ortanee. In ihis family is the langicingue, also called iangili or 
langi (Moro)^ whieli is a triui Spanisli mackerel {i^eoniberotnorus awi- 
/nersoni Ijacfvpedo). ]:>y many people this is regarded as the iinest 
food fisli in the Philippiiio waters. This fish is fairly abiindaat, and 
can usually he found in the markets^ where it sells from 1 to t. ])csos, 
Philij)pine curumcy (50 cents to 2 dollars United States currency) per 
fish. At Zaxnhoariga it is notliing unusual to see ten or a dozen of tliese 
fish in ilic market at one lm\e^ all of them measuring 90 centimeters 
or more in length. Thoy are fr(M|inmily cut up and sold l.)y slices. The 
imijor part of the Umguingm arc caught ofl: shore with, a hook and line;, 
a, good iisliing ground Ixnng located. o.(! the east coast of liasilan. At 
Manila tliey are usually caught in nets. Another Spanish niackorel taken 
in these waters is Seomheromorus honmi (Bleekor), which is scarcely 
distinguisluible from (lie above. 

Otlnu' important im.m,ibers of the family are the (ihub mackerels {aln- 
maluin or ravalhis)^ ^(‘owhvr niArntlrpiflokis Hiippell;, and llu‘ luh^drhihsxi 
(Hoowhi^r japonir.u,^ llmiituyn). Thesis (isli run in greai. shoals througli- 
oui tlic Islands, following small flsli, upon which they feed, d-diey 
enter Manila Bay in March, and tlui inliahitants along the shore-line of 
the hay are kepi: awake during tin' nights by the noisy clatter of llie 
ilshernum. Iieating wiih timir paddles against the sides of their boats in 
order to fi’ighten lliese mmh desired Osh into tlie nelrS or hastily e.on- 
str acted corrals. 

Still otlier memhm's of this family represented in these waters ata* 
the small honitoes {mbad or tidi'}lij(Uh) Ggmnosarda pe-lam!s (Limn), 
the great tunnies (also calhMl r^ohad)^ and the albacoro (Gnmia nlalnnffa 
Bleeker), _ ■ , 

All of th,esi 3 iisli may be caught with h(H)k and line, hi nets or corrals, 
d^hey are so abundant that it .is unusual to maker a. trip among the 
Islands without sighting one. or more shoals of fish belonging to ibis 
'family. They are especially coxnmon about the Cuyo group and along 
;the shores’ of Palawan. ’ The market at Zamboanga is us'iially well stocked 
with' all .members of the family. Tbey^ are 'with few exceptions fishes 
of the 'deep'' water. ' The ynirse-seihe in my opinion could, be j'wfitably 
employed in their capture, / , , , ^ 
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family < IM. \'.l 

1^10 inud fislu'S, (Man {dalah- in Moro), niv of conslilioMlilo iin|MM' 
iaiiee, c&pceiall.y in tlio vininiiy of Manila wlu‘r<‘ ilin,v form a larjL!:n part 
of llu- fond of Ihv nalivn popnlaiinn. 11 h\v aro iisuaily sold aliw in Iho 
:lna■rknt^^. in fatd., ii is iiudr aidility to slay alivo mii of waior Ilia! 
ailraois afdadion io ilnnn. 'J’hny arc primarily a fiassh- m* bra<‘kisli 
waior fish, and aflnr a rain uiinosi all l-lu^ iillh' pools hy tin' waysido. 
as wall as lln> paddic^s and rivc‘.rs' nn*- wtdl (illod with dalaff. Thny ha\o 
lln^ ha])it of burying ilunnsnlves in iin^ mini as llu* ponds dry ip) and 
thus of lying donnani unlil the next rain, d’ju'.y lak<‘ ilie hook ftnolvy 
and it is no uiuionnnon sight to see the natives fishing for them in flu* 
riee-iields,, or in tlio .most unlikely and ri‘(amijy formed pools, triiey 
froipieutly iravid o>'erland in the wid grass and lain Viva for hours out 
of water. The <\ggs are deposited in hoU‘s in the hank; {.lu‘ mol her 
(rxereises a, care over ilu^ young lisli. 

In India these; are. ri^garded as one of Urn nmst wholesome fishes and 
ai’e given to invalids. Jn Manila they are looked upon moio as seavengers 
and are not nuieh eaten by the Americans, ddiesc mud fish are distinct ly 
earnivoroiis, feeding on small Hsli, refuse, eie. dduw an* well dislrihuhal 
over the Islands, being found in almost, all llu^ lakes and rivers. 

TMK HNAIMMU.’S, 

Ihuiiily Jnti hn id(V, (PL 1 . ) 

d'herc are about twenty dillerent species of tins family in tlu^ Philip- 
{>ixie waterS; all of them important as food iishes. ddioy range wlum 
full grown from to 90 centimeters in length. Odiey ari' disl,rilniterl 
over th(‘ (miire groip), sorno Tun,ning up rivers lo (lie iid-erior lakes io 
lued. Beveral of the speeies are tvrighi red in eolor and mv called 
ix‘cl snappers, one of the most ahumlanf laung tiu^ harlma | /wz/mto/s 
(loiliaacdnlfiuh (Bleekei) |, Another snappiu* <adlt‘d tlu‘ (aaianghaha 
{ LaiutmtH f usf r,H( f>n.s (hi\, el Vuk) cari usually Ih‘ found in (he mHrk<‘is, 
especially in Zamboanga. A very importani member of ilte family is 
iho (dm {kdwnibang in More) {Luiimm ijemhm Blocli el Helm.). 
These aix> caught in great numhers in the Naujan Uiver at Batos^ Min- 
doro. The adults weigh from 8 lo 20 pounds eaelu I saw 108 of these 
fish caught in one-half day at the Baios corrak 

The best banks for red snapper fishing seem to be ixi the vicinity of 
i^mboanga. Dapa and mumgat are other More names applied to the 
red snapper. They are usually caught by hook and HnCj or in the corral 
In Zsmhoahga s red snapper SS centimeters long can he boiight for 40 
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'L’HK POMPANOS* 

Fuinily (Umnnjldiv. (IM. Vli.) 

^riunuj iirp lliiriyssix tllilVrejil spocies of the pojsipauo family known in 
Ihe .Phil!ppiiu‘s. All of tlumi am valuable eoiniriemial ILshes. The 
oavallart {iJaniux) aix‘, ihe most iniporlaui braiieh of the family. Tliey 
are termed (alukilok. iti Tagalog and daingpuH in iMoro. These iish art‘ 
vto’y abundant in alinosi. all maiia^is. ddicy ranges ih'oni 1)2 to .‘h> ceuti- 
nii‘lers ii) length. As a, rule th(‘y are enngbt in ('orrals. 

Another ahnndanl sp(‘eies is the /nvna [CanniA' ujnohilU (Torskal) j. 
ddiCvSe iish are dried in larg\‘ numbers by the Moros. Thie hallangoan, 
termed (vuhal-vubnl { Mogalmpis (W'dyla hhm,) , is another very abundant 
I'oofl iish of fin(‘ llavor, belonging to this family. Idiesc'. arc reported to 
reaeh tlio huigili, of loT) eeni inuders ; ordinarily those in ihe marlad 
iiH'asure about io (piitimeters. They are eanghi in (‘orrals. 

TJin smv iUBsns. 
ihimi ly Merrmiidcv, ( Pi . Vi 1 1 . ) 

Idiere tu'e tluriy-tliree species of this important family of food hsh 
n^iorted from (lu^ Plulippim^s. One of tlie most familiar is the apaliap 
{tapog in More) [Lates calcarifer (Bloch )]5 ojk; of our largest sea 
bassos, ^Speeimens weighing from to do kilos u'{\ freipiently brought 
into the market, Tliis Iish would afford good sport for local anglers, 
^riio largest braiieh of tlie family is couvstitutecl by the groupers {Epina- 
pkelm). (allied lapolapo in Tagalog, garopci in \hsayaii, and hukhut in 
J\Ioro. (PI. VI 11.) Ordinarily this name is given to ihe most common 
species, Epiiir.pheliis nierm Bloch, but it is also applied to at least throe 
others which (dosely rescnnble E. niemL These; tlsli bring a high price 
in the Manila .imirktd.; iiu'y uni a favorite sea food for .many Americans. 

Aiiotlier rather common sptjcies is the bliie-spottr^d grouper \Ceplial(h 
pholw digmrdopivnm (]{icluirdso;n)J, which is es])ecially abundant in 
llui Zamboanga market. Tho fishas of this family are usually caught 
with liook and litu^ in. water of eonsid(u*a'l)le <l(3pth ; sometimes they are 
bd\en hy net or (‘orrah (.lilhmds set. in about' bO feed; of water freciuently 
maki‘ good eat (dies. 

Tirn MTILF/BTS. 
fmnly Mugilidtr. (PI. IX) 

There are ten different species of mullet recorded from the Philippines., 
the most abundant being the hamh {Mngil cephalm Linn.). This fish 
can always' bo found in tlie market and when quite fresh and properly 
cooked, is^ most 'delicious. It is very common throughout the entire 
Archipelago.; ffTie mullet 'is 'a strictly 'Vegetable feedeiy And 'is usually 
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foimd wlierever ihere is aii abun, dance of stni !uosh. shallow sea, 

al}out the Ishind of Siiaiiki is a famous feeding gixniml. for (his fisii. 

On the morning of dune of this year f wiiiiessiMl a mosi, asioiiisliliig 
jjioveineiit of mulloi near (he Island, of Siianki, Suiu Airhipi'lago. A 
iiO'Lso like a great water, fail was lu'ard. na,st(ai[(iig to (he laNU-h I saw 
a vast shoal of t!u^ lish. coming from the maih, keeping <pnle near the 
shore; they were lea[H;ng along iln,‘ wahn' in great,, itasliing wa.ves. The 
shoal was fully 100 yards wid(5 and aOn 3 'ards loipg; Iheiv must have 
been over*a million ituUvidnals in it. Tli(‘ lish sis.uned In be of almost 
uniform size^ about 40 cetdanmlers in lengtin Nothing, slopped llnun. 
ddie nativOvS jumped into the water ami killed hundreds with, stic*.ks and 
stones; some were driven ashorej hut tlu^ sf,ioa,l passed, hasping, <ai lo ilio 
south. 

These fish were proijably seeking a new feeding ground. They were no! 
breedings this fact l)emg indicated by tlie extiamu^ smaJlness of (lu^ 
ovaries. I abould estimate that tliere we,r(‘ ovoi* one, Imndi'enl timusand 
pesos^ worth of tisli in this one lot. 

Several species of this family run up the f]*e,sli waler riv(irs to' the 
lakes. As many as t(m thouBaiul liave been caught ni oiit^ (ime with a, 
drag-seine near the numth of the Kaujan Kiv(U’ in, Mimhu’o. Osh 

arc easily dried and ar<^, a good eonimo,r(d,al asset. 

OTrrnii (X)iMMnR(jiA,L msiins. 

There are many other ilshes in the Islands that am (,)f coninun'cial 
j mportaB,ce,, but lack of space and tinu‘, will not ixuanii of a d(4ai!ed 
descuiptiom However, among these we should numlion ilu,^ l)arra,cuda, 
ea,l](3d pangaloan or himbamih in M-oro. 'Phis is an abundant and 
excellent food fish souudimes reaching ihe hmgih <d' 1.5 nuders. Tluuu 
are also numerous spe<doB of porgios, lernual hUiUtu ( uU a/, and (junhi! h\ 
ihe natives. Tlu'se (isli are especially abnndanl ahmd Hilard\i, and ilunu 
they are dried in large immbers. Many mmnlHU's (d' llm grind family 
{U&mnliihv) are also si^m, these are terimul /a/)V, /mitKa, imkahiu and 
bagmig;^ they are especially vfduable for salting and drying. 

KSeveral members of the gar family 11i(‘ muukm*s {Hvht- 

enidm), the parrot-fklms (Hearidw), the sunnnllcis {Mullldir). t!u‘ 
mogarras (Oemdw) and tlu‘ soldier-fmhes (llolo< (nilridw) munir. All 
of those are good food ftshos and of coinmenual importance. A pres 
visional incomplete list of tluj Philippine market- fishes, giving the 
native, scientific, and English names will be found at the end of this 
article. 

is a Um applW to any small fish mixed with salt and partly 

drfcl. Bagohg is mosi eommouly eaten in ihe interior where fresh fish can not he 
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THW 1V1JL1CFIS1LE.S. 

Family Chnnida'. (PL X.) 

The aica or nsilkliHli I Chaiu^s rhiDius ( Forrtkal) [ ^ lU'ilicd baiujo<^, 
hamjoiL kaiuag-kawaij, and liiinuloasa by llu^ lOlipiuos luid bcmgdlm by 
the Morofi;, i\s one of the most imporiaiit coimiun'eiai llslies in the Mauds, 
it ranges over the entire groiijn from northern Iaizou to Sitauki and is 
the most abmidant fisli in the MaTiihi market, krequenily, during 
proiraeted roiigii wa^ailHo* it is the only variiity ol)laiuii])le. It is raised 
chiefly in tlie fish, ponds at Malabon and at oilier places near Manila 
and therefore can secured at any time i-egardless of the weather. 

This ilsh is pariienlarly adapted to pond culture, being a vegviable 
feeder of j’apid growth, ddie haiujo,^ siiperlieialiy resembles the mullet, 
Imt call laisily bo distinguished by the fact that the mullet has two (ins 
on the bacJvg while the 6a/7pas has but one. The haiTfjus frerjueiitiy 
readies a length of 1.2 in(d(n*s and tlien. it is ieriued lumnlocso. The 
eggs are deposited in the sea. Tlie young apjiear during the months of 
April, May, dune, and July and uiu called Mwag-kairag. They are 
supplied with a yolk-sack which funiislies them with food until tliey are 
about Id Tuillimeters iu length. At this age they are to be fouml in 
great numbers along the beaches of Zanibales, Batangas, Mindoro, 
Marinduque, ami doiihth'ss in numerous other places. Here they ai'o 
taiptured l>y ilu' natives and placed in largo earthen jars full of water 
called paly ok. .Tliey are then (nnveye<l 1<^ the lisli ]M,>nds, freqnonily a 
luindred miles distant. (Fig. 1.) 

One of the jars, palyok^ contains alxnit v\,r)()0 young lauTf/ih^. . TJiey 
sell for from io 25 I'a^sos per is'ou// kem (10,000) ; about six 
kesa (00,00()) aw, used io slock one pond of 1 liektare. As the fisli 
grow iiliey ani ihiniKMl out by transfer i,o other ponds, Tliirty-ihree. 
per (unt should reaeli inarkoiable size. Four months after the transfer 
the bwfijios should each lie 25 eentiimde.rs in length. This size of llsli 
retaibs for !) cemtavos (iacli; rn 8 nuaiilis ilui young arc', each. 40 centi- 
nud'crs long am! tiring 20 centavos, while a yt^arling sliould measure 
lialf a meler and bring from 50 io (10 (xmtavos. 

FLSii 

Almost any kind of ground other than a sandy soil will do for a 
fish pond. It sliotihl be near salt water and not beyond the intliuinco 
of the tide, as the bafifjos thrive )>est in brackish water. A complete 
system should have at least four ponds. These should be so eonsiructed 
that one equals in area at least that of , the other three combined. 

amdiidebted to Mr. W. 'D. Carpenter' of Mai aim for most of the inf(.>rniat.ioit 
regarding fish ponds. ' ' ' ' ' ' 



I'Jsunll}'* the area, oL' ilu' large poiul is much g'r(sal(‘r. h1ic <lik<,‘s cf llu' 
small ])oii(ls arc low;, often not lit) c(aHini(‘lcrs alau'c the wahn* Itn'o!. 

smaller {umds a, re ot ahoiil, (M|nal siz<a lacing usually rt‘c!angular 
amt each of about 200 s(|ua.n* nahers in area, dhic aia* fornieO 

l)y tlirowiug up dikes. Othe main dik<‘S are large. es|MHia!ly ahmg ilu* 
lainks of the so^ealliMl "'■river'"' or esiero. wiuu’t^ mangrove trees fnujueriily 
are plantxKl for tlieir proieeiiom 1du‘ water from tlu' (‘sluary is j)er 
luiiied., when the ti(l(‘ is (lowing, (o tatter tuu‘ of ihe. smaller ponds 
ilrrongh a shiica^ (plrium) usually ('onsOrntded of masonry with two 
gates, one of stn’eral slidt^.s of solid wood for eoiit rolling Ihe walm* ami 
the other of elost'. handioo palings to prtnaml ilu‘ egn‘ss of ilu* hmTj'ias 
and the ingress of undesirahh' tenants sueh as earnivorous lislans ami 
erabs which burrow into ihe dikes and eans(‘ Ic^akage. Snakt\s and birds 
are also evils that liave eonstanily to h(^ guarded against. 

This small pond distrilmtes tlu‘ water supfdy to ilie olbtu-s and is 
used for capturing tlie marketable, bum/es. tt is usually separuttal from 
the larger pond lyv a close paling of: l)and)Oo annmd tin* narrow t)|)eni ug 
in tho partition dike, When it is desired to ea.ptun‘ the fish in tlu* 
largest poiidf ihe paling is removed ami a, sirong eurrent. is eaiisc*(| 
to flow from the smaller pond to tfui larger. Tlit‘ hiaPfos attrae.tru! by 
the fresh water swim against the current ami otdiu* the smallcvr pond in 
great imiribers^. where they are readily (ia})iur(Ml in a. sc^iniv ddds opeu’a* 
tion is often accomplished about midnight, so tluii; Ihc* llsh will !»</ 
ex'posod in the Manila markets in the best condition. 

dPlio remaining two ].)ondS; or subdivisions of the pond area, irudosed 
within the li:mits of tho boundary dikes, are coniuH'ted witli (audi o(1u‘r 
ami with the pond wbich. feeds the xvater by sirigli^. ]>ipCH made of Urn 
liollow log of ibc hiifong (THonpi/tm nigm Ifctz)* ddicsc tulHJs arc 
called pakhunh^^^^^ the water ami fish being t'oiitroltcd at tliosi^ 

openings l)y a solid \u>o(hm plug or a funnel of bamboo si tips. 1dm 
water m IhcBo two small ponds is kept at a d(‘p{|i of hul a few dccumdeiN 
the ponds being used mtmvhangeably fm cnltnaiing tlu* haul alga 
(Oidogonium) and foj deve!o])ing the kuKiglitwfap (Mg 2 ) 

or THU 

If it is desired to (ultivale the food alga (ihe large pond is originally 
stocked in the same way)^ the water is allowetl to (Irani off and the 
clay is exposed to the full povyer of the sun. The alga rapidly makc^n 
its appearance and a little watc^r m then permitted to cover the bottom. 
, ^radnaily increftsed as the Oedogonium dovolopB. 

to tVlto best upon a oteap day (kaolin), 
a d^oait of mud tod in old ponds 
it is scraped olean witli 




ARE TRANSPORTED. 





Skai.1'; ; Fisukuv Ki'ISohucks. ] 


IPiiifi. .loniiN. .S’t'i., Voh. 111. No 



Fig. 2. MODEL OF A BAI^GOS POND SYSTEM CONSTRUCTED BY THE STUDENTS OF THE 
MALABON INTERMEDIATE SCHOOL. 
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a hoard. Tius^ opera! ion is not neeossanly done at any particular season, 
hut wlicncvor tho, (Condition demands it. The OeJogoninm is some- 
limes purchased and phuaal in an exlniusted pond. A small haneU' 
loaxi is worth one peso. 

A so-called '’'hnodiciiu.d- for ihe young iisli. (apparently used only in 
small ))()nds where ih(‘, water is (Mmtaminated by (dose proximity to 
houses) is llui !]vinu(f> iirhior liinn., the floating roots of which are 
greedily devoured. 

When tlu^ fiy ar(‘ to he planlt'.d in the pond., the water is again allowed 
to drain oft and th(‘ alga is ]>artially killed liy the hot sun. This^ it 
is claimed^ renders tlie Ofulogom-mi soft and fragile for the tiny inoutlis, 
j^ventiially, the young haufjo,^ are removed to the great pond where their 
(juantity is largely governed by the supply of the food alga. 

Tlie average value, of tlu^ ponds about Manila Bay is probably dO 
centavos per square met my giving a total of more than O^OOOjOOO pesos for 
tlio pond value, alone, whieli I am eoavineed is a conservative estimate. 
I ehose one pond wliidi measured 140 l)y 170 .meters as an average of 
iiic twenty or more shown on, a surveyor's map compiled from riata, 
obtained from the owners of the properties. 

METHODS OE ErS.HIN(U’' 

Jt lias been .my [)]'ivilege to make jiersonal observations of the metliods 
tunployed in the hslieries of various parts of the worlds in the ITnited 
States^, Alaska, New Zealand^ Australia,, Honolulu, and numerous Paciiicj 
Islands, also to some extent in Japan, Some time ago at the instance 
of the Secretary ot* the Interior, Mr. Dean 0. Worcester and before I 
{issiimed my position in the Bureau of Science, I made a more detailed 
(examination of tlu? melhods employed in tlie fisheries of the east(nm 
United Stat(*s in order to sivcure the latest information regarding 
ihe^ various kinds of mds and apparatus that enuld with,, profit be used 
1(^ the (M)mmerciul fisheries of the Philippine Islands. 

It may not be out of place, tlierefore, to give brief deBcriptimis of 
simh apparatus as seems to im^ to Im of es])e(ua.I value and short sug- 
gestioxm as to its \im. 

SEINM. 

In the Atlantic fisheries a great many more fish are caught with the 
various kinds of seines than. in any^ other way." In 1904, the 'Few York 
fisheries alone, captured by this method 814,099,725 pounds of fish, with 
a value of 836,597 dollars, ITnited States currency.. ' 

^ ^ A full description, as lO; detailed method of construct, ion, 'Si«e of, twine, mesly 

, .hanging' of 'net and ' methods x>f using ca,n be obtained by^ applying to the United 
'Pivisioii of fisheries,' '' 



3.“- The MACKisitEL I'uiwk Hkini' 


Pam seines (%. 3). — One of the most effective', juits aisod in tlic 
American fisheries is the purse seine. An ordinary, deep-water purse 
seine, such aa is employed in ihe eastern roackorel fishing, is about 200 
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latlioins ill Iciigilij inul 20 io 25 fathoms in depth when, it is hung, it 
lieing deeper in the center than at the extreme wings. The boat end of 
one wing is from 1 to 10 fatlioms deep; the other end varies from T to 
.15 fathoms, ii, is inad(‘ of three kinds of twine. The bailing-piece, 
wliicli. is a section of the net o('.(‘.n jiving aboui 10 to 12 fatlioms along the 
center of the cork lim^ ami. having about the same depth as length;, is 
made of tlie siouti'st iwiiuc Teneaih ibis, comjiosing the remainder of 
ilie middle of ihe seine and extending to the liottom of the neb is a 
section knit of twine a size smaller. There is also a band of large twino^ 
15 meshes in deptb, extending along the cork line of the seine on either 
side of the bailing-piece to ihe extremity of each wing. The remainder 
of the not is made of lighter twine. Odie load and cork line are in the 
same position as in ordinary seines. This net is operated by a series of 
jiursing ropes and rings, by means of which ihe bottom of the seine is 
drawn tip and closed. Formerly tliis net was taken out in fishing 
schooners and when a, slioal of iish was seen, it was jdacod in a seining 
boat, the slioal was siir,rounded, by the net, tlie latter at once pursed, the 
vessel tlu'jn bronglit alongside and the fisli dipped out. Now, in sonu^ 
cases, the net is carried on a revolving table at the stem of a small 
Btearn-vessel or launcli, and ilie sTirrounding of the slioal and pursing of 
the net is all done ciuickly and efficiently by steam. Frequently more 
fish, are taken in Ibis way than can be used in one day. In this event, 
they are put into a ‘^^spiller” or pocket, which is a form of live-box made 
of stout, coarse twine, and is attached to the vsicle of the vessel, where it 
is kept in position by wooden poles or outriggers extending 15 feet 
from the vesseFs side. 'Ihiis apiparatus is nothing move than a big net 
liag 3G feet long, 15 feet wide, and BO feet deep. This size will hold 
200 barrels of live mackerel, but of course the spiller may be constructed 
of any dimensions. Tim juirsc net could probably be used with profit 
in catching the various kinds of mackerel (memne/ui etc.) found in 
Philippino waters. 
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Gill neU (fig. 4). — 44ie gill net k next in imporlaiiee to tlie varioui^ 
kinds of sc^iin^s. It is used (diielly in the herring fislieries, lait in the 
Philippines laigxi miinixu's of othej- kinds of fishes can profitably be 
taken by its nicaiis. 44iis is especially true of the mallet^ certain of the 
poinpano^ su(;h as l.lu' r(fsds'i(.ug [tlconiboroides loloo-parah (Ttuppell) ], 
aloloy {Oaranx boopn (Juv. et VaL), -inalaan {OarauQ' freeri Everinanii 
(4’) Beale), an<l sueli fish as tin^ various kinds of snappers, for example ibe 
bililla \f/iUmius llwvillamnia ( Forskal)], aUvnyot ILulmvm Imeabm 
(Qnoy el. Gaiinard) |, and pukil [NauipLevus n&nturux (Bleeker)]. 
dliese nets may l)e set eitlau* at the surface or at the bottom (see figs. 4 
and 5), depending ujxiu ihe kind of fish one wishes to cateli. In the 
mullet fishery the nets are frequently allowed to drift witli tlie current. 

An ordinary herring nel, 15 to 'BO fathoms long and 2 to 3 fathoms 
deep, has a mesh varying from 2.25 to 2.75 ineiios. A herring 
vessel of tlie Atlantic fishery usually carries eight to Ilf teen of these 
nets with anchors and liaugings. (,)lf the coast of Palawan I have caught 
120 fishes of good size in a single 20-fathoni gill net in one night. So 
far as my experience goes this lias lieen found the most smcessfvil net 
for use in the Philippines. Plu'f grealest drawliack is the damage 
inflicted by sharks (fig. 5). 

78322 ’S 
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load of flsli ii^ seounHi at one luuil. not ooiiltl only be luscd on 

siiiootb, sandy bottoui fn‘(^ from (*oraL and (‘mp]oy(‘d. (diioily to catch 
llaifisln tloiimlers, ole. 

Found neh . — Many kinds ot pound nets are used in the Aiiierieao. 
fisheries, Ind; as ihis .manner of ilshin<:>“ is well known and used in. the 
.P].vi)ipj)iries in the various forms of eoiTals or baclods no descriptions 
are necessary. iVoiwitlisianding tlie expense of building, it is one of 
the most successful imdliods of iishiiig as is attested lyy the linndreds of 
<torrals in the Islands, 

FyJce nefn , — Idiese ntds, which are usually of small size and conse- 
<jiU‘ntly no! very (vvpensive, could be profitaldy used for tlie capture of 
tlie various s])eta'es of catfisbes, dalags, inarHnicos, etc, 

OTUKK METHODS OK KISUINO. 

Trawl lines , — AVliile tniwbiine fisliing was formerly employed almost 
exclusively for caii.Iiing codfish^ it is now used to capture a great many 
varieties. At. Monterc\y (bibdxirnia^, 1 noticed the trawl lines being 
operated with good success to catch several kindS' of frsh, such as rock- 
cod, (d(‘. They miglit he used witl.) ])rofit in the .Philippines for such 
fish as the groupers {Berranidai)^ the niuhnnT and others which take the 
liook freely at the bottom. They are especially effective in taking eels. 

Idle trawl line consists of a strong ground-line 300 fathoms in 
length, to which is fastened at intervals of one fathom, a line 3 
feet .long to wJrieh. a liook is attached. The hooks are baited and the 
ground-line anelmred at the bottom witli a buoy to indicate its location. 
A line for pulling it up is attached to it. 

Live-can . — Next io improving the method of catching the iish, the 
important thing is to devise means by which they may be kept 
alive until tliey are wanted by the consumer. To tins end the live-car 
is brought into requisition in scweral places, especially in tropical coun- 
tries. This device is a very simple contrivance consisting of a square or 
quadrangular I)ox constructed of slats jdaced close enough together to keep 
the fish in, but far enough apart to allow of a free circulation of water. 
The earS'Ure, immersed in the water and the fish , are. kept inside until 
tliey are wanted by the purchaser. At Key West the hshing schooners are ^ 
vaow usually provided with 'wells in which the,, water is kept circulating, 
'and in this way the fishOrtuon are able to 'keep' the fish alive. .The" fishing 
boats ' 'at ; Honolulu have wells ■ with perforated ' sicles , through' which the 
watei* circulates freely., " At^ this .place live-^bpxes or cars^ are' in^ common 
us'A'v'.^O'ina of dhqse.are^ very; large >nd.. are ^kept'/ anchored,, ''close^to the 
.iharfeet. /.T^he' purchaser^,, sel^ts, hiS:'. ,fish. fcroni the whrf,,'' 'itds' then 
dipped out, of the live-box :^,d\,dolivei^-:,';'Some;m0dih^^^ this; 

plan could he adopted in the l^hil’ippines, but it is only feasible where 
tho iparket is heat salt^ water- , , ' ' ' ' ' " ' ' '' ' 
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LOCATION' 01' ICSIUNC UANKvS. 


Tlie following imliing arcaK or banks so(‘in to b(‘ iho inoKi prolific* so 
far as I liaye jnvesiigated and (hoy would wcdl re-pay working. 

The vicinity of Siianki is jiracd.uailly all a. fishing hank, hoiiig wcdl 
supplied with organics life ujHai which (IvsIh's Iced. Tine fradc' a(. this place 
is now ill the hands of the (Ihincse. ddien,; arc* ninnerous good fishing 
banks in tlie vieinity of Zaniboangjg espcHuhilly off 8an Ihtinon and along 
the Basilan coast; one a Ihw miles soulh of (lagayan, Snlu and a innnh<*r 
along the coast of Ihxlawan. Bonn? very ]>rolifu* 1 ranks (*xisi. lu^ar i\w. 
Onyo IslandvS and. close to Masbate and Celni* 1'Ih^ bank' which cliicdly 
supplies the Manila market is located near (lorregidoi* Island. 

Doubtless nnmerouB other tlslimg l)anl<s can be foimd ; in fack xvin'r'* 
ever we encomiier a comparatively shallow area of fi'Oin 5 to 20 fathoms, 
with plenty of sea moss and rich in small mariiu* organism, we may be 
assured of iiiiding it well sto(d<cal wdth. fishers. Hoomn* or lat.cnr dieses 
places will all bo a>t?ciiratc?ly locaited and woii<e(L What is ncedeil is 
men of experience who wall give tlie indusiry their cmtiiv* aiteniion ; smh 
people will win prolitable rcBults, 

TITE OnrEV FOOD KISUKS 011,11/110.0 NM WATEftS. 


PilipiiU). 


Moro. I Knglisli. 


Ag\TOt„ - 

Aligmn^ 

AluiTJahan mataan 


SaJerv salio 


MtUUt 

Pojupaijo 


Ayui^ir 

Bagabaga 

Bftgaoiig bauiotigna 

Bakoko- 

Bftlang 

Ballla 

Banak, lrmltog,.„ . 

Bfti%os, baiiglot 

Baiangan 

Baokudo })aba^o , 

Bto,-, 

Bia, bunog — - 

Blaiig Itittii , 


Lagobot 
Bnngci bimgu 
Blgac mg 
Uaudgiiml 


Biumlu*. 
BaugglUcs 
Tambaru • 
Lambojmk 

laraangka * 
Tlgbaabaj . 


(Omit 
Solditit ilsl) 
Omni „ „ 
ro]ig:y . . 

1 b b«b « 
Baud llah 
MulJtJl 
Milkfiah 
UMdng*., . 
Barmcmda „ 
Oobiw- 
Gbby 
<j(Oby 


Bmng pwti, bttlla*..* „ 


Kapalo««., 


Ooby 


l^jdbwi 

BJtlUa, biquilla 

Bonito, 

H*r I1J *» « w*** » .t* 4 • II, 

_ 1 I 


i 




Tetepbundbr 

n'mWwy,* 

Tarpow, 




SiScntCU'. 


Si Hmtf t 
Miiffihil i 

Vowbn mti luif pniaitfH Cup 

lall 

PiiHftpaHtn IntHtfi (iUcKin 
ypi ipi intk unit ( Fowlcat ) 
ihttapiiH pubmi (Komkllj 
Hput tin Htkiwutd HUmbWI 
lamlh AtmnHiin 
Faiiulh Ptnhlmldit 
MuiPl nphatm LItm 
idrnmm c /ccokw ( FcrakiU ) 

HiAhn htt tmii f Blctik w ) 
iSpIiffUf im k%«ce Blc^okc i 
Famlh {hbkfii 
<math(>kptn (kJMiUn (Bimltp 
(limmgiMm hhr^Uahm (€tu 
ot Val ) 

(Mmmgobim pmri» (fltmi 
Baeh ) 

Mf>p$ $atifm tiiuiaaw 
fMMm rm$4U Owv, etj Val 
Qpmmmrdb^pdmU (linn ), 
MiffatopB eypHmtdfi BrbUR“ 
lobet 

Ippid ilpoh 



FISHERY RESOURCES OF THE PHILIPPINES, I. 


TOE O-HIEF FOOD FISHES IN PITILIFPJNE WATERS — continued. 


Butete.™.. 

Calmsii. 

Dalag 

Dangat, bagsang 
DiliK, Monamon 


Tingga-tingga— Pufferft 

Tatik Bastard shad . 


Dalak Mudlish„„ 

Totok Wharf fish_ 

Anakbat Anchovy 


I)vmipilas„...„. 

Espada 

Guno, ti-i 

Garropa 

Hasa-hasa 

Hito, paltat 

Igat, quiuet 

Kabasi 

Kabayo-kabayohan . 

Kalaso, daklalag 

Kandnli kandiili 

Kapalo, bxmog 

tCibing 

Lap(j"lapo, garopa 

Lawlu, boladot^. 


Malakapas, i(a)rtui - 

Manmli— 

Martinico, araro — 

Moong, mamoag 

Mtimul, inolmoL 

Miilmal, Mohnol 

Fagp i * , pitgi 1 L - — 

FaUhg, i^Yh — ■ 

Sakhtin — 

Baniaral, laalaga — 

Sapmip — 

balaki 

SOJtei, biliH :: 

Bilhx, siriu 

Btuabilang, Itt) 

Sunog, nrant Atram - — 


Tatik Anchovy 

Band fish 

Gnno’c Silversidc 

Grouper 

Japan mackercL 

' Catfish 

Tagnibus Rice-paddy ecL_ 

Tatik Basling shads 

Undok Sea horse 

Tigbaabay Liiiard fish 

Gagu’<5 Catfish 

Kapalo Goby 

Butter fish 

Kukkui Groupers 

Bengke.... Flying fish 

Porok Mojarritas 

Thread fin 

Piit Climbing perch „ 

Bcngka Cardinal fishes 

Lammon Wrasse-fishes — 


OgOH- j Parrot fish->,. 


Kiampao j Stingray 


Bd-long 

■ Sapsap.* — ...... 

Mangentut ... 

Pinatay 

Cek> 


Shark j 

Red fish i 

Siganuo 

Blip mouths 

Goat fish.. 

Herring (young) 
(hir 


BakPeJ.--., * Catfish 

Kainang. . ... - — Flatheads - 


Talakitok 

TalakRok, taxakotokan — 

Tftlang-talang, , ■ saleng- 
' 'saleng. 

, Tangulngue,^-*—- — 


_ Anakbung- 


Cavallas- 

Cavallas-, 


Tangtang — Blipery dick 1 

Tangi Spanish mack- 

■ ■■«reh" ■ „ ■ 

':Tambah .'Sardine;-,.- 




Family TetmodQiiiidx, ! 

AnoclontoBioma oh a c, u n d a \ 
Ham.-Buc. | 

Ophioccphalm sfriatns Bloch. | 
Pn’o}>iii K.rotxnia Sleeker. | 
.1 n c h 0 V i (( coinmersoniana 1 
(Lacepede). 

Anchovia ihimnnieri Sleeker. ' 
Famil y Trichinr idx. 

Athcrina femmmekl (Bleeker). 
Family Serranidti’. 
i^co7riber Japoniciis Houttuyn. 
CIoTim 'niagur { Ham.-Bue. ) . 

J enk inHlcUa nect ii m J ordan , ! 

Family Dnro.mnatidx. 

Genus Gasferotokeiis. 

Sairrida arppi'opkanevs Rich. ; 
NeUfmamsuta (Bleeker). 
lUana eacabet Smith et Seale. : 
Family Ephi'ppidx. 

EpincpIieUs merra Bloch. 
ParexnmHus oimUo (Cux', et , 
Val.). 

Xystxmxi kapaa (Bleeker). 
Family .PolipiemUlx. 

Anahafi tamidens Daldorff. 
ximia chrifsopoma (Bleeker). 
CbmropH nnimicalatm Cartier. 
Oallyodon laiffcxciatus Seale : 
et Bean. 

Dai^pafts kithM {M filler et 
Henle). 

BcoUmlm} ivulbifbmil (Ble<‘ker). 
Family Triactmthidie, i 

SipmiHs Ciiv. et ; 

' Val : 

L(;(f(/naiJufh\^ple7id(ms (Cuv.). I 
UpeMcusi^Hlphurem Cuv. et Val | 
Jlarenpula sp. j 

Tyfmurm (tlpmiUus (Tern- j 
minek et Schlegel). , i 

j .PWomts an ifuiUmis {Bloch), 

’ (Fors- 

I kai).' ,, 
i Family vamngidie, 

I Carmu naifmciaiw , Uuoy et 
Gaimard. 

Sco7fd)erQid(.‘s t o I o o-p a r <i, h 
; A'RfippHl)-' ' '' 

'Scomber wiorm commersoni 
IiaeC^pido. 

Sardimlta ''(Bleeker) . 

^Ipdrengida mdldcxemie • (Blee-.' 
ker)v , ; 




ILLUSTRATIONS. 


iO.ATL I. Dilis, ujU'liovy {VumWyPJntirHurulw). 

Aiifhor'Ht coDniH'rJ^an-iaiKt ( LjirojxNh* ) . 

If. Silifiiisi, luMTing ( Karnily (Uuiicul(v) . 

II <t rcnfptht niohtrfuuiHiH ( l»l(‘i‘kar ) . 

111. <0ni<a', silv(‘rMi<l<‘ ( Family Mhcruiula’] > 

A(/t('rhia fi}i\sk((lu lluppell. 

IN’. 'ran^'uiii^Tie, Spunisli mad<on‘l ( Fajiiily H<^oi/ibi'ul<v) . 
* />lc(Huhei'Ofna}'i(s vommcvnonl 'Laa<‘|)tMl(‘. 

Ualaji’, mud lish (Family OphiecphalUhv) . 
ilpJiifjv<'/tlift!ns sh'InlHH Bharh, 

\A. -Mayamuya, kmI sna[)}>m- (Family Lidianh/iv) , 
L'HlidHihs^ (ln(lc<u((ur}t(h‘Ust Bka^kcM*. 

Vn. Talakiiok, p()!U]>an<> ( Family (UautnijifhtA - 
(Uo'und' ,s‘p<’f'fas*a.s‘ Fornkal. 

N'lll. Lapo-hip<>3 iL>a*ou{H'r (Family l^<'rr(nn<lw) . 

Hifujachir ( Hichanlson ). 

IX. 1 ta na k% m u 1 1 at, ( Fa mil y .1/ U ff i I i d(r ) . 

.Uiiffil (H^pIhdtUH (Fivier. 

,X. milkllsli (Family (JlutuUlw). 


f’/uo/rw Forskal, Fnfilng page — 

Fio. I. (In text.) Fbe ^'uardian of a llsli pond with fainily, ami the 

jars or }toli/ofv in \viii<ih the fry are traiis])(nd:ed 520 

2. (In text.) Modi'! of a pond system.... 520 

5, (In text.) h'ho maekeael purse seine.... ' 522 

4, { In text.) Bhowinj^ method of settinj^* gall, nets at the surfaee 524 

5. (In text.) Bliowing‘ method of setting gill nets at the. bottom.......:...:.... f52(I 

521, 

























EDITORIAL. 


TYI'HOONS. COCONUTS, AND BhHTl.HS. 

IJt'jHH'is un; HH'ii «(l' till* tluHtriiUioii of coiiKiderable numbcra 

1*1 ciioornif: Ii'imk by ivjtliooiw. As (Jio oliii'f crtoonut-prodiicing districts 
nf iln- }’lii!i)iiii!H¥ tU'd iiubjoi'i io lyitliooim. iuid as iiio free thrives in 
i'Sjiosi'd niluttl ioiiH. i htiv(‘ Ihh-ii iiittin'siod, in seeing what damage is 
actiuiliy iloiie Io il iiy siornts. During several years of attention to ibis 
siilijVoi, i Inivo yi'l bt see (be |irs(: sound trunk iiroken by tlio wind, or tlio 
(ii'st tree uprooted, unless its root system had already been cj^oscd or 
weakened. Typliootis tbnddless do break sound coconut trees; but it 
iiiitst be rnceiy iudeeil. 'I’nuiks extensively ehanneled by beetles are eoin- 
jiiira! ively often broken; and trees the roots of vvbicb have boon laid 
liiire by wnsbiiig awjiy tlie soil, or wbieb grow in ground too wet to porniil 
the fiealtby grovvili of ilu; roots, an; ofiiui muirtnrncd,. 'However, tbo 
loss of stieb frees is noi a serious niatler. 

V<*i'v severe stornis weaki'ti the trees and s(‘t them back materially by 
bunking the banes; and ibey somelinies destroy a considerable pail 
of the croji in sight In throwing down immature nuts, oven the veiv 
uiting ones, but vigorous Irees entirely oiilgrow sueli injuiy within a yeni 

Howeier, in places where heoiles, especially coconut weevils (ml 
heeiles), liiiyHrliophorm fnriiyint'iia Pabr., are a serious pest, violent 
slorms furnish eondilions for tlieir enliiinee and multi pi ieai ion and in 
this nay do daniage wbicli is neither insignifleant nor Lransient. This 
w(>e\i! IS ordinal ily unable to peneLrate the thick ami dense llbroub 
proleidjon mtub^ b) Iho imbricate leaf-bases around ilui upper end of 
tbo stem, and I'un only attack liws to which the rhinoceros hoetle 
(umy), Oryctag rhinoceros Liam, has already done some injury. The 
hrriakiug of the petioles, the tearing of the fibrous bases and the occasional 
split mcks of the trunks, catised by severe storms, make it possible for 
tlw weevik to enter many trees and so to multiply rapidly, once in the 
tree, this pest is decidedly wore dangerous than the mny. 

Mr. Hi 1S» <3»ett, govewmient ontomologiife of Oeyjon, reports a wnark- 
aM# inciwa# "ttid ©fates bf red beetle aftef a rgudopo fhich visited 
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wiuH'c 199 had heoji eaughi in May and of HXHJ, l/dOh wnra i-ap- 

iurod. in ilin ^^aino rnonihvS oi* 1907. In anollnn* in.siaiU'g. llie iiKa‘<W(! in 
the sanu^ months was from 198 in 190(> io 9),SS9 in 1907. OMns inon^asc 
was almost ontiroly in, tlu‘ nnmhcn* of hnoilos (‘xtraciral from ilu‘ slanding 
(roos, M'r. rjroini says: 

"‘I hav(‘ found uuarly fully ,i»i‘o\vu larvia of (lu* iKud.h* { in 
1 iukUm’ <*uud it ions lluit, hulu'aU^ that thuy uiu.st luavu d(‘V(duj>ud within a jxanod 
(if six w(Msks. H, s(H‘nis possibh^ t hat, thu justxd. may rujudj mat aril \ in fnuu 
(dydit. to tun wtxavs’ iiiuuA 

01 i(‘ only way in wlTn^li siieh sori(nis (Hiibroaks, following ivjdioons. 
nan bo imivonied, is by tho stipjiwossion ol: (ho btudh's at all iiinos. Odiis 
is impossil)le without vsuoh unity of ludion as is pracdicahh*. only wlum 
(lemandetl by law. As beetles, are a, post throughout tim Islands, h^gislaiion 
l)y the Imular Government is nc(Hle(l T\m) Frovima.^s of Ida Lagnna and 
Odiyabas have passed ordinances against a local (a)co,nut post, tho bud rot,^ 
and luua^ very promptly reduced it to coniparaiivo harnil(‘ssiu?ss, bid 
single proviuctss ean not deal (dluctivoly with lioetlos. ddui iStraiis Hotih'«* 
ments, tins Federated Malay Hiaies, ami ( leylon, havi^ for 3 ‘ears had laws 
aimed at the suppression, of heeiles, and ilunr value is well proviul. 
(Joconut products are second only to ahacii in, the valium of exports of the 
Plulippine^. ddic heeiles aie fu*ol)al)lv at tins time our most dungm’ou^ 
and most desirii(ti\e agritmltnnd pest, li is hoped that tin* L<‘gislaiin*(' 
during its (mining session ^\lll pass an \vi pnniding for their suppression. 

F. B. (dumiANO. 

CUTCH. 

(jiitch^ a produei of tiie heartwowl of .((vam mledia Willih, has lumn 
known from India ami Burma for many years, li is used as a dye and 
for tanning. Gonsuimnble (|uantilies wme (wporitsl to Furop(‘ for nsi' in 
dyeing cotton goods. Tlu^ supply was not entir<d\ uniform or reliable 
because of the scatiereil manner of growth of the and (ht‘ nomadic 
habits of the irihes tliat collceted the culch. When it was diseovered that 
sevwl oC the ditTeumt varieticB of maugnne trees had hark which would 
ftiiliisli CAcellent dye and tanning maicnJal, tiu»y began io be considered 
as to the possibility of their furnishing a (utch to take the place of the 
Indian article. 

It was found to bo a cOMimrativoly simple matter to prepare Die mam 
grate' bark extract and the aupply of mangroyes was very great. Se^^eral 
cowipafoea started jpreparihg the extract in the extensive swamps of Bor- 
, j|# I it ahcf^eded in tte ttorket ansfl quickly snperscKM the Indian euteh 
i latent terpi'is now used mainly with reforenee to 

1 , Vi ^ 








W h«‘ii iiii* iiso of aniliiK* <lv(‘s lK‘(‘ain<‘ ('oinmon, it was fouml that the 
lhsniar<‘k hrowiis wouhl rurnish a. tlieaper and. niori' easily haiidlod dye 
Ilian riiieh : (‘ons«M|uent}y, tin* hiHin* i^'railually ('(‘used to he used as a dyie 
1 1 sf iil had a very hu’a,'e lud<l or i!,s(‘rulncss as a. tanning I'xtract and the 
nnunifaei unn-s fell vm'v <'one(‘rn at this loss of iin[)ortaiU'!e as a dyte 

'The <n*iy:inal taih-li was a. low gradi^ (n'odu(*i and was aihnitted to the 
rnil{‘d, Slides fine of didy. ddie mangrove extract was of a better 
{jualily and il was deinded to |>ia<'e a larilT on ii. l->y dhnasury Division 
No. vS ni'Jy of Man'll IK lhO(h it was ibH-lared Ihai mangrove extra<*t 
slioidd no longer ia* allowtMl rrtai eniry as (aiti-li, hut shfiuhl he duliable 
under paragi’ajdi “iv of lln^ (hisioms Act of IHh'/'. 

(hd.('h, as a. (naidt' and low gradi; exirai't, could not pay this duty and 
leave any profit for ilu‘ inanufaeinrer ; conseijiiently, the oldest of the 
firms in lh>rin‘o found it advisable io ridire from hnsiness. There are still 
four i’oinpaiiies making* cideh in llorneo, hut they are shipping scarcely 
any of ii io tlu‘ Ihdiml Stales iuM-ansi^ tln^ duty takes away nearly nil of 
the profits* 

T(h‘ priiieipal sp<*eies of mang‘rov<‘s from whieh tlu^ bark extract is- 
made are lihlzo/ilKm nuictvnala iaimk.;, Ah conjiujaiu L,, Briiguiera 
iforrttl:i(. Laink., IL onopvUiln WL k A., and (Jcriops nrxhnrgimna Am. 
OtliiU’ sfieciiNs ar(‘ also ns(‘d : hut these occur in the greatest quantity and 
are of llu’ widest disiriludmun All of these are found in alnindanec in the 
Philipiunes* 

F. W. Foxwoutuv. 

COAK IN THB CAGAYAN VALLEY. 

L’oal Ims long been. kiuAvn io (sxisfe in the (Aigayan Valley in the 
vicinity of Alcniliij and .last September Mix IL ,N, (Mark and J, both of 
ih(^ division nt mimw, Ihmmi. of Sidenee, had tluMvppiudunitj of visiting 
'Hi nam'd at t-he out crops.' 

ddie first nv as ii<‘ar ilaggao, a simdl town alMUii 10 kilometers up tlie 
Ibvrc,d .River, a stream joining the C-agayan at AleabL, /Ihe coal outcrops 
in a small brook calRxl llie .Wnwing, about n kilmneterB north of the 
town. "Winn tlm.seam is abo'iit a luokn'm thickness. Above fclie coal is 
It layer, 'of 'iday gradiia!,l:y elnnnging ' to ' a 'coarso sandstone; below d:S a 
sandy' elayt ' MM'iis coal was worked Tor a Bliort ddme, during' the Spanish 
'' .r^inio' and ' a large ''Open‘'Cut made, but .after the 'death ofdbo ownicx* the 

cx>n(Hxss.ion/ was, allowed, ^ -w , ■ -; 

' 'About '2, /kilometers/ west of, this ■■outerop;,. coal, 'occurs in . the 'bed'; of ^ a 
.‘'sma|l''''',st'rO'aui'’t|eMn ,It .rwas 'nOt,','possrtilC',tQ. gauge vthe ,thiefamss 

'nf the hei^e; 'bui, it is /no^greater, thmi 
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we visited. There is said to l>e bettor coal farther up the Parot ]{tver 
ill the San Jose Valley^, near the harrio of Taytay^, but the swollen condi- 
tion of the river ])revcntecl a visit. < -oal is a, Iso reported from the village^ 
of Tenibliqiie near Baggao, on tlie south side of tlie Paret. 

The following description of coal mdeanps in the vicinity of Nasipirig 
is from tlm report of Mr. 11 ,,N. Glarh : 


“The village of Nasipiag’, a barrio of Gattaraa, i« situated ou tbe northeast bank 
of the Cagayan Itiver and aboni, 2 kilonictrCrs sibove ibe jimciiou of the Chico 
llivcr. The town avus formerly a- nuinitupality and in a, riee-growing disirid.. 
However, at pia^Honi the vic(‘ lieUls desiTted and eov(u*ed with a, rank growth 
of cogon grass and gnava bnshea, all the inhabitaids with tlie exception of a few 
families having migrated to the more profitable tobacco-raising districts. Those 
still living in this place are so poor that it is seldom possible to obtain from tluan 
])rovisions of any kind, 

“To the northeast of Nasiping stretches a range of low, grass-covered hills 
among which the coal beds are located. The first bed visited lies N. 311'^ E. of 
Nasiping and 2.5 kilometers distant; the elevation by aneroid btdng 95 meters 
above the Cagayan Kiver. This bed was on fire at. thci time of my visit, pro])ab]y 
having caught from grass fires. It was burning at two places and also on tlus 
upper or north side, and an area oblong in shape and about 8()0 square meiers in 
extent had already been consumed. The surface is barren, baked clay, lying 
0,5 meter below the level of the surrounding, unburned area,. The fumes arising 
from the burning coal are strong in sulphurous gas and some, sulphur and alum 
occur mixed with the clay overlying the deposit. Old residents of Nasiping say 
that many years ago a large volcano existed in the nearby hills to the east.. 
The story has been passed doAvn for several generations, so the <jxact location of 
the reported volcano is not known. As no evidences of former volcanic activity 
Avere found in the region it is probable that this story has its origin in a 
former lire in the coal. 

“The only other outcrop visited in this vicinity Avas exposed in the bed of a 
small cstero 660 meters northwest of the burning bed, Several year.s ago a Mr. 
Anderson took out several tons of coal from near this outcrop. It was burned 
on the steamer OUpuya^ but it is reported that it was found necessary to mix it 
vyith foreign coal 'to secure satisfactory results. At the time of my visit, tliese 
AVorkings Avere caved 'iri and overgrown with tall grass, bo T was unable to observt^ 
the thickness, of the seam or examine the adjactmt rock formai.ion. The outcrop 
in:'the' nearby atream had-a thickncsa.of nearly a meter.' No solid formation 


was .encountered'. for; a, distance of 50 meters in the stream above i,Ms otiterop. 
Tlxere'' and above, alternating beds of shale and day were' found, 

“.Through the 'Courtesy'. of Mt B^rown, I was 'able, to secure a'. guide who 
'tobk’’me'to' an .outcrop 2.2 kilometers to' the northeast of the' steel bridge across 
h'b^'Tupoug XTeeit and', about ,4 'kilometers 'xiorth' of Alcalli. This outcrop was 
found in the bed of Taray Creek, barrio of MAasin, and: 46 meters above the Cagayan 


River. The coal at this place strikes horth-northeast and dips 30° to the west- 
northwest. Directly above is a layer Of black clay aUd below a lighter colored 
variety. A coarse sandstone occurs 60 meterC downstream. The coal seam is but 
0,6 meter in thickness, and the natives say that an outcrop, only 16 centimeters 
^ ^ kilometer To ' the south and on the south side of 

f 'i ' J'' 
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following analysis of this coal was made by Ur. A. A. Cox, of the 
Ibuvau of ScMOBcc: 



P(‘r 

Wai.er 

19.3 

Vo3aiil<‘ combust il>h‘ matter 

3S.8 

Mxetl carlKui 

30.3 

AhI) 

11.6 

1’oi-al 

100.0 


Tlio heating value of Ifiis eoal is not sueli that it could be used with 
advantage alone for steam gmioration, but it must be remembered that 
t he samples worti ({.ikmi from near the outcrops and that the coal probably 
improves sonu3what as the bed goes deeper down. IE Ave consider the 
poor quality of tlie coal and the thinness of the seains^ together with the 
distance from Manila as well as the scarcity of labor, it will be seen 
iliat this coal probably Avill never become available for the Manila market, 
ifowovor, tht:w (3 is no I’ijason why the river steamboats could not save a 
hu*gc pari of tlHur coal bills by using this material mixed with Australian, 
a, ml it might bo possible, if developiiients should sliow improvement in 
(pialily and continuii.y of seams, that steamers calling at Aparri would 
find, it prof]la))lc to take part of their coal at that port instead of at 
M”anila. 


IL 6. Fergusox. 
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ERRATA. 


1 1* Biospyrus caiiomoi should vmd Biospyros caixomoi A. DC. 

42 , Antiai’is toxioara should r<*Hd Antiaris toxicaria lesch. 

44 , Sxiwaaia Amoxi Blanco slunild read Innasia amara Blanco. 

Puji^'e 70, I'stlde 11. No. 22, 0.S27 should read 0.927, 

X^ij 4 *o HO. IthUu' sul)stutu‘<‘s used for syrdhesis of ylnug'-yhiiig oil, add linalool and 
geranioP 

Page 1 10, 1'ulde VU, (^aUduui oxide should road 61,94% from bag; 62.04% from 
oiiu itmieiul of 63,44% and 63.32%. 

Pago 27d>, Piidor Fihiria mosquito, arribalzaga should read Arribalzaga, 

Pago (or», Volcanic fuel should read •volcanic tuff, 
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:401 ; Volcanic tuff as a construction and 
a. cement material. 391. 

Orusiseta hasipuncta Schultze, 'IS. 

Ouculidm, 278. 

Culex aestuans Wied., C. anxifer Coquerel 
(Bigot), C. fatigans Wied., C. niacleayi 
Skusc, C. pallipes Meigen, 0. pungems 
Wied., Iletoronycha dolosa Arribalzaga, 
250. 

ChiUcidse, biology of Philippine, 235. 

(hitch, 5:34. 

Cycas circlnaiis Linn., 9H. 

Cyornis philippinensis Sharpe, 279. 
Deilemera browni Schultze, 31. 
delicata (Psecadia), 36. 

A1 pnra menthene, 52. 

Dendrocygna arcuata (Horsfhdd), 277. 
Desquey Island (Batanes), 12, IS, 

Desvoidya joloensis Ludlow ; Desvoidea fusca 
joloensis Ludlow ; Desyoidya finsca jolo- 
eusis Banks, 240. 

DiabaKo at Ihijada Peninsula, 501. 

Dlwelda^ 280. 

Dlcaiimi besti Steere. 280. 

Dicceum pygmmum (Klttlitz), 280. 
diHuslhelvola (Euchromia), 29, 

Dihydro- llmoneuo, 5 2 » 

DioHcorea hp., 96. 

DlospyroH cunomoi A. DC., 41. 

Distribution of the heating value of the 
combustifolQ in tests of Philippine coals 
and others ottered for sale on the Manila 
market, 310-321. 

Oita bark, 44. 

Draft, 304, 345 ; a'verage force of, in steam- 
ing tests of Philippine coals, 312. 
Dysentery cure, 412, 

Earthquakes in the vicinity of the Agusan 
Elver, Mindanao, 507. ' 
elegantissima ’(Euchromia), ■ 29.' 

Elymnias palnJtiMia Selmitze, 27. 
ENEIQDEZI, PIO VADENOIA. See MEN- 
' ' DOZA, MAEIA P. ^ 

Enzymes;' 'experiments 'on, in the coconut, 
" 'ill ■■ ' 
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Wiiclu'omia t'leguniiswima Wllgr., 

BudynamiH miiirtanciwiH (Linnaniwj, iJT.S. 
Ii3v;i|)oratl<.)ii of water, «'<nilvalout fr<»ui ami 
at 11)0’ of Philippine coals and otliera 
ottered for sale on the Manila inorkot, 

,1'lxcaiructoria lincaia. (iteop(di), lilTU. ' 

iralco <*.rno!riti Shnrp(\ 277. 

.KaleonSdie, 277. 

hhitiliijiji: in the BadJinen IwlaiulH, 11,. 
B*’EEGihS()N, IlMNRY (J., Etlilmial ; Goal in 
the Guj^ayan Valley, 525; OontrUniUouK 
to the physioKraphy of the .Philippine la. 
lauds: IT, The Batanen Islands, .1,. 
fornigiiieum (Triholium), 21P.>. 

Fihirla moscpiito : Gulcx ajBtuauK Wled., G. 
anxifcr Cofiuorel (Bigot), 0. fatigans 
Wied., G. macleayi Skuso, C, palllpcB 
iVteigen, C. pungciiB Wied., nidoronycha 
cloloBa Arrlbalaaga, 250. 

Phre box. 304; elongated, :M2«~3-15, 3.52; 
the effect; of water in the air on the 
(,‘(! 0 nomy of, 350-?, 5. 1, 35P 
FiKhew, important conmiereial of the Pliiliri- 
idne Islands: Anchovies, 513; herrings, 
5,M ; mackerels. 515; milk, 5H>; mud, 
5;i(»; nuilh'ts, 517; pa.mpan(>s, 51,7; sea 
basses, 5,1.7; wilverHidcs, 514; snappers, 
5U'J; index to Philippine, 52S. 

Fishing, methods of, 52!,; loeation of, 
'banks, 523.. 

Fish ponds, 5,19. 

Formic acid in ylang-ylang oils, 78. 
FOXWOUTliy. F. W., Editorial: Ciiteh, 
534. 

Fuel Importance of the sixo of coal used as, 
3.54; Philippine coals used as, 301. 

Callus gallus (Linnaus), 27(5, 

Geology of the Butanes Tslnnds, J, 
Ceomotridm, 34. 

Ceraniol heriijoate, SO. 

G<n'anIol“mothyl td.her, 8(1 
Cihhium scotlas Ifabr., noloi on the ahun- 
dant uppearane© of, In the Philippine Ih- 
lands, 299.' 


H<‘at. halanee of I be lu*atlng value of the 
eoinhustUde in tests of Philippine «‘oals 
and other.s offere.d for imte on the Manila 

market, 3 1 9-32 1 . 

flemiehelidm grisoistieta (Mwinhoo), 2T!». 
Tleredity to <,‘.xplahi types of lie* wl)iin 
riK'.c In North America, si theory of, 215; 
arningennuit of data of, 215; hUdhtgraj'ihy 
of, 229; elasHlIlrut ion of types. 215'; femi- 
nine types, 2jH; types, 219. 
lUrmsdluhhe, 279. 
lUriindo iavanicsi Hparrntann, ‘.i79. 

Ilorliek's insill;e<l milk, ilu’! composition of, 
37. 

iroUN, VVAl/niFH, Prothyma schnitzel, a, 
new species of PidUpplne Pieindelitla', 
273. 

lIuleciH-iomyia paeudotamlata Giles ; llule- 
coetcomyia pBoudotiUhiaia 'rheoh, ; Stego- 
myia pmulotsnniata Giles. 249. 

Hydrolysis of methyl saUeylate, PH. 
Hydroxyl groupa, method of OHiiinat.ion ne- 
I cording to JXerc'WtilnolT, 83. 

I Hyloterpe apoetiHlH Meurmi, 280. 

Hypoiienldia tonphita (Linmeus), 277. 

■ Hypothyinls ijccipitalis (Vigors), 279, 

' Ihujos laland (Baian<,m), ,1,2, IH. 

I Igorotfi of .Bonguot, 413; descriptive ehm*- 
, actcra' of, 44.1. ; Malay vB., 440 ; methods 
employed In examination of, 415; local 
ity of, 413-414; physiognoniy of, 430; 
jjropovtlon of the body parts of, 42? ; 
selected types of, 454 sonmt.ologic race 
types <if, 451; Htature of, 417; supple ■ 
meutary tluany of heredily of, 430. 

: £m-un Island (Ikilanes), 11. 
integra (Pcricallla), 30, 
intoxtiUa (Eomigia), 32. 

, lole .siquijoronsis Bfceore, 279. 

' Iraya Volcano (BatauoH), 9. 

Tsbayut Island (Batanes), 12, 

Japan coal test, Yrmhluotani (KnraiHU) 

; .KitiBlut Island, 3 11 -.310, 310, 328: Vts- 
tmri (Hokkaido, Province), 311-319, 329, 
! 329. 


G113B8, H. ,1)., iSdUoriah FoixP aihl drug ; 

iuBpec'iknj, 44; Methyl saUcylate, ■!, The, 

' ■ seimmtiop of aalicylU! acid from' methyl 
' salkylato and the hydrolysis o.f the ester, 

, 101 ;, 'Methyl salicylate, H,' Solubility In 
water, at" 80®, $67; On the detection, and' 
determination ' of coconut oil, $71; Pro- 
prietary madioijttofi to' the,' 'orient,' 411'; 

. ' , The coitnpounds whick cause the red ''color 
in phenol, $'64.' '' 

'A' rCCOnna'issance 
’ ' ‘from BhTao, Mtodahao, ', over the divide of 
the Sahug Eiyor to' ,B,utua,n, ineludtog ft' 
'Survey from'' Davao ' to M'att, Narrative of 
the expedition, 501. ‘ 

, 0rate^ ao'2A4044 $11, $ 42 - 345 , $6$; loss 
through the, $02, $45. 

, i ' Ilf ddtion on telfpttoSf , 

, ' %Mydh , C^oddno##, ' ^ i 

^ mmbfrn guiattt 8 . 

^ '<1 : ■ 


,JolO,' 484-480.. 

JuvencuH (Si nix.), 290, 

Kaolin, ohomica'i ana'lynci a'Wd ,physlco,l prop- 
or ties of Am«r!<mn, $78 ; thooreticid ennP 
position Of pwro, 377. 

Kolthloy lllscarpm,ent, Lanao District, 489, 
,Ktoahuungau, Mount, ,Davao, 506. 

Lacoptwa phIlippiMMla Blanch., 268,'' 
,Lalage nigor (Forster), 270,, , 
Hamprocorax panayeneis (Soopoll)r 
lUanao Lake, Mindanao/ 490 . ' 

Lah'tidse, 280 . 

Larida^' 277,, 

Lepidoptera, 'new 'and 'little-known#, of the 
', ,FhOippiae Islands# 27.', ' 

Lime 'toortar# effeot.of Liteea ohtoeasis Lain, 
on the hardening of, 409, 

Limestone, at Boalon, Zamhoangh':, DlsMot# 
:/',‘''' 4 i 2 'i'’'at ’iS'otehnto# 'v 4 t $' 1 at'.Luoaten, Da-'' 
. :vho,; mZ'i. Saltog'^Eteer. Damo# 

' ' ; of the Batanes Islands# d#. 10# 12* 

I,j4mmm4 hydrochloride* 61 . 
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I •itiiiltK*! 'HU't.hyt *4}u‘r, SC, 

LfuiMC .Luko, Aj.'tUHjuii, riOl». . i 

hilHcn. rliiiunitiiK Ljiiu., tUToct of, on the i 
ItjuMlonirtr; of Unn* mort^jir, 405k I 

L«»pin>p<‘tnhitn ioxi(!Uuii Lolnir, 4J. : 

horhuihir. nlrjUlJ^ironMio SU'onc 27<S. 
t.0,s llntlot-i Oljiyc, ;iK2; tOnnuical analyscK of, 
'^s:\ I ohyr,it*a,l propnrtioH of, r;S2~>.nH4. 
(,l»roih.vnia)» 2T5k 

fanouiia nnuira PljiiHHk 44. ! 

Maa.sain Uivor, Araiwaii, ai’K'UlaooouH nainl- j 

uinnv. n.t, 010, 

Malmtli!'. liOsuul (Bniiuiofn, U. 
noiogrogori (€er,yx), 25). 

AfugtuaOuui luOion on tori><*n<‘. byOrohalklos, 
•15k 

Mnjnyjiiy rlayn, OSO ; clunnical ana, lysis of, 
;iH0 ; phyniotU pr«V)orilos of, :{8i. 
Muiindani?:, Mount, Tainao District, 488. 
MaUod milk, ih<!i oomposlUon of IlorlJck’s, 

ST. 

ManUicU. uliliHtiima Polil, 08. 

AtanIJn oloinl, 45k 

Mu. nine, IKk * 

Munsonla annullfora ThcobM PanoplltCH an- 
nttllfora. 'I'hcob., 250. 

Manaonia uniforxuls Tlwob., Psinoplitk^s uni- 
foi'iula Tltoolk, Miuusonia ai'rlcunus Thcob., 
Al'inmonSa auotnillanls (IUom, 255. 

Manuka nrundimmoa Linn., 00. 

Marino orosion in the Batuiies IslumlH, l,fk 
Muituuio olayH, 5i7H ; ckomloal analyBis of, 
:5T0 ; pliyHOml propuriios of, .U7S). 
matuta (PyraMta), JOk 
Mayo, Mount, l)ava,o, oonKiomtsraie at, 502. 
Alay ’‘HCi'ika Inlautl (Butanes), 41. 

lUDIfAUD H, Notes on a col- 
of birds from Sktuijor, Phllippiiio 
iMlnnds. 275 ; Philippine ornithological 
UivmitnVi f, 2»Sfj ; iHomo necessary changes 
in iho isjuncH of Plillippims birdR, 285k 
]i«galtmts tweeddaki 'Mc^CIrogor, 28;k 
MKNDOSSA. MAUI A P., UAMUllUJ?:, MA- 
NtlKD, & BN,HlQtnc!Z, PI'O, VALlflNDIA., 
An improved xuottiod of modeling espe- 
vliitlf ftdji.piod^ for th(» central ixervoua 
Hy»toin. Prcpitraiiott of brain models, 
25 »H, 

Mtropldm, 27H, 

M.oropS' philipplnuH Dinnmus, 278. 

Methyl salicylate, analytical determination 
of, 857; hydrolysis 'Of, 4,01.;, m' pharma- 
copoolal h'*’dparatloxx«, XOl In .root beer, 
'1.0:1; In soda water 'flavors, 4 Ot solubil- 
ity: oN ,857* 

Mctrlona trivitiata 'Fabr., 267. 
miliaria (A8pidomorp:ha),, 26,4. 

MiHonla', 'pretiosa Schultsse,; 34, 

Military 'Riswmtlon, Batan- Island, coal 
teat, ati-81'0, 3,20-32:1, 332-336,. ' - ■ 

Alilk, 'the composition ’'Of Horlick's malted, 
'■87., ^ 

MIBMB, 'MH&TO'H,,'!*., Editorial; Tte”as- 
'''cent o’f‘'Motmt'Pulog. .‘W ■ 
Mindanao, olimate of, 47'9,;' 

M'osraphio de»criptl0a"pfr:''4,7S kpetpl^kf*' 
471; rainfall at 479uk' 

4 i<), . ; 


Modeliug, au improved method of, especially 
adapted for the central nervous system 
25 3. 

Mortar, method to determine the setting 
time of, 15S. 

Motiicilla melanope Pallas, 281. 

Molaclllldm, 281. 

Mount Maquiling region clays. See Calam- 
ba and Los Banos. 

Muacadlvores elmlybura (Bonaparte), 276. 
Muscicapidm, 270. 

MUSGRAVE, W. E. See RICHMOND, 
GEORGE P. 

Myristicivora bieolor (Seopoli), 276. 

Narcotic drug la^v, 412. 

Nectarinlidm, 280. 

Ninox philippensis Bonaparte, 278. 

Noctuidm, 31. 

Nycticorax manillensis Vigors, 277. 
Nymphalldm, 27. 

Oil, detection and determination of coconut, 
371. 

opalu (Polydesma), 31, 

Oriolidm, 281. 

Oriolus chinen.sis LinntBus, ’281. 

Ornithology, literature of Philippine, 285. 
Oryctes rhinoceros Linn., as a menace to 
coconuts, 53.3. 

Osraotreron axillaris (Bonaparte), 276. 
Osmotreron veriians (Liniueus), 276. 

Otomola hicionensis (Linnrous), 280. 

Oxygen equivalent of oils, 371. 

Pachyrhlzus bulbosus Kurz; (P. angulatus 
Rich.), 96. 

palmifolia (Elymhias), 27. 

Ikoplc of the Batanes Islands, 3, 23. 
Forlcallia Integra Wlk., 30. 

Peridiuium in Manila Bay, 187. 

Poristcridm, 276. 

Pctrophila manilla Boddaort, 279. 
Phapltrcron albifrons McGregor, 276. 
Pharmiicopoeial preparations, salicylic acid 
and methyl salicylate in, 101. 

Fhaslanidm, 270. 

Phenol, catechol In, 364 ; cause of red colox' 
in, 361 ; oxidation of, 363 ; phenoqninone 
in, 304 ; quinone in, 364. 

Phenofiuiumie in phenol, 5464. 

Philippine biinlB, some necessary changes in 
the names of, 283. 

Philippine coals. See Coals. 

Philippine Islands coal test. See Coal, 
philippinensis (Lacoptera), 268. 

Physical properties- of clays 'from' Botocan, 
'■ 382; from Calamba, 385-3S8'; from Los 
Baftos, 383-384; from Majayjay, 381; 
from Matiquio, ^379; of coal,, 91* 311* 350, 
354., 

Physiography of the Batanes Islands* 1, 16. 
piolfrons (Oassida)* 259, 266. 

Pikit*. Fott,;494.' " 

Pitta o-liHc'apilla,; Lesson, 279..,,' 
Pittidm,', 279 .', ' ' ' '' ' 

Pollll'o ■ coal •' test, 31'1^316,';< 82X., ■ ' 

i*olydesma opala Pagents., 31, 

PmtlJicola caprata {Llnnseus), 279. 
preldoaa (IliliohU), 34. . 

'(i'vloptfira '»ohuteei-Welsek'2.5'9V'’^0p“‘ ' 
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PriopUn'a sinuaJa Oliv., 2UI, 
f Proprietary inedkunos in th<.‘ oriiMil. -111. i 
fProthyitaa, hieidicolUs C^hd., 27o. 

Psecadia delicata 
Psittacida% 27S, 

PuloK, the accent of Mount, t>0. 

Puso-puso (JatKoji (•liitieuHis Lani.p lotP 
Pyenonotida*, 27t). 

Ipyrnlida', JM. 

pymuata matuta SrliuKze, .'kk ; 

Pyrausta vastatrix WcUulli'.o, :!n. 

(Jiilnone in phenol, ,’hM. : 

iladiallou of heal,, ,‘5lt)-7r2i, :5r»o. ' 

Rainfall at Mindanao, -179 ; in Uie Butanos ! 

Islands, 4. ' 

Rallidto, 277. I 

RAMIREZ, MANUEL. Son MENLOZA. MA- i 
RIA P. I 

JtEIHLING, 'W. 0.. & MAUNCIER, J., A., j 
Portland oonicMii t<\Mting', 197. 

Eamigia intextWia SoliullKo, 92. 

Ithipidiira nigrltorquis Vigors, 27P. 
RhiKophora, nunu'onata Lmnk., R. ronjugain : 

Lamk., bark exl.ract ,nnulo from, 5;{.7. 
Rhyuchophorus fcrniglnouH hhvbr. as a 
menuco to cotjonuts, 999, i 

itlCHMONl,). GEORGE F., Editorial ; Purl- ■ 
ilcatlou of coconut oil, 45. ; 

RICHMOND, GEORGE F., ^ MUSQXtAVE, j 
W. The composition of HorlRik's ' 

malted milk, 87. 

Root boor, salicylic acid and luctlnvl siUi-' | 
cylato in, iOL 

Habtan Island (Hatanes), M, HJ, IT. 

Wafrol (isosafroli in ylang-ylaiig oil, 78, 

8 ago, 9t>, 

8ahug Uivcx\ Davao, 594 50(5; sumiHlouo at 
the, 504. 

Hailcylic acid, deicrmlnaiiou and scparailon i 
in foods and drugs of .meiliyl Hallcylaic 
and* 1 0.1 ; in ihivors for soda water, Ki'l ; 
in foods and drugs, lot ; In phaipnaco* 
poeial prcparatitniiH, 101; in root beer, 
'101 in' sarsaparilla, .101. 

8ALIN0ER, L, A. Hoo RELBLING, VV. C. 
Bandstono, at' the Banging Creek, Daviu), 
50T ; at the Maasam lUvor, Agnsun, 510;'] 
at Mount Kinubtiungan, Davno, 50ti ; at 
the Sahng .Riven Davao, 504,-r»<M! ; In'tlie 
Ootabato region, 492. ■ 

Baip :.Eamon, ' Zamboanga District, 4B2 ; 

, /bowlders Qi '.’andesite containl’ug large 
..Iragmenis. of ' schM .at, 482, . , ' ■ ■ 

Sarcop'$:bWidttohbtus;''Grant, ' 281.' ' ' ' ^ i 

Sar^apaHRa^.,, 'Wibylle «id''in,’ lOL , ■ | 

Hcalo, the ©ffoct of in the transratsaioii of I 
beat through boilers, 349. | 

1 Schist, at Bbhiom Zamioanga Dlitriot, 482 5 * 

I ' at Pujada Peninsula, 502* 

(Wbi&tara)* 263, 


StR.lirLTZE, W., Editnrlah;; Notes nn the 
ubumhint nppccrmu'c of Gihhinm :u‘olja;i 
Fa, hr., in ilu‘ Idiiiippiuc islands, 299 ; 
NotoH OH iln‘ appearaiu^e of Wirox jtit\t*n 
(‘UK iiinn., in Manila. P. 1., 299; i4f(^ 
liiKtori<!S of some PhilippiJH? Ua:;td<i«d;c, 
261 ; N(^w and liti.lc kmvwn Lepidoptera 
of th(^ {RiilippiiH‘ iidandn, 27. 

Scirpopbaga Virginia Seliullw*. 2 1. 

scotins iGlbhluiul, 29th 

Sou horses lii nuuiicincs, 111. 

SEALE. Ai.VlN, lltc Osin'ry rcsouiro:; (O’ 
Ihc tdinipidiH' Inlands. Part L {hnniutn'- 
clal liHfu'S, r>L;. 

Se.siidic, 28, 

SlasI Island, 1H7. 

Slayanos Isliuids Uiatan(‘K), M. 

SibugiK'y, Zuinhoauga District, coal a.i, I S3. 
Sincamas ( PjichyrhlKUK imlbosus Kutv. i, 9U>. 
slnuaia (Prioplcra.), 261. 

SIrox juvoiicus Unit., notes on DU' tupiMnu*' 
anw of, In Manila, 29th 
SMITH. WARREN D., A geologic n‘con- 
nul.ssancu of .the Island of Mittdanao niid, 
the SuUi Arciilpelago, I, Narrative of Hn‘ 
cxpctliiloxn 473; Editorial: An acc<ntnt of 
a. human saorilha* held by flu* DagolHsu 
Dirttric.i of Davao, Mindanao, P. i., KSH. 
Smoko, c.oitvr t>f, as observed whmt idilltp" 
pine coals and others offered for sale on 
the Manila market ar(^ llred, 3 Ml, 315, 
.354, Sec also (.thimney gjises. 

Soda water davors, sa1i<\vHc tun'd a, ml in»*th,vl 
Salley late in, lol. 

Solubility of nudhyl salicylnfe, 357. 

Specllie gra.vlty of <*oal.s, 312; loss on igni- 
tion In cement i(mtinK, 171. 
splendida (Vitbssa), 35. 

8q[uamicapilla arenata Sclmltifc, 3o. 
Sauataroiu .squat arola ( Llnnanis) , 277. 
Starch production In the PltiUpphu} IslnudK, 
93 , 

Steam, (uUorlmcter, 395- "356 ; (piaJily of 
that. prodmaM during tents of Phllipphu^ 
and other eoaln, 3t)6->397. 

Stegomyla persistans Ban'ka, B. tinSeiiUa per « 
HlatauH ' Banks, 243. 

Btcgomyla HatnumtHls Ludlow,' 24 fS. 

Htorna boreollH UBang«), 277. 

Bto(!k food, 93. 

SIrniigth. eruMlilng, of andeHlUc tuff from 
near Maulln, 39-'f ; tepHlle, of Hioite being 
used In Manila, 395 ; tetmile, of Mitjayjay 
Htone, 395 trmj«vorR<?, 39»i ; triumverw!, 
of 'Wisconsin building Hionc, 397, 
Btreptopolia dwsH'umleri. (Tammlnek). 276. 

■ Btrophantlms cumlngU A, DP,, 44, 

SturnidiB, 281, 

BubmaHne ’'conllgthratiott ' of the .Bataiws , is- 
lands, 12, 

'Buhl. Archipelago, 484,' . ' 

.S'ylvllda^, 280. , , 

Byntowldt»> 29, 

.Tacca: piunallffda ; 

Taghm;,|lly©L,. 'Davao, '503«504. ' 

,'Ta«»p4i*' deiffchfe ''timtlng,'/ Xdl,;, iBustra- 

, ttpuiit' 'if* ^ . "' ' ' '' ' 
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*ranyr,na ilm;': lurioiK'Uoiin iLum;»‘Un), IJTX. 
'Taracii Uivrr* Ijjuiuo 1 iu't.r'u'i, tin. 

'I’a hnvau. caul I'l'oiu, rtO‘j;-r»o:j, 
’I’avU'Tawi lalaiui, 'ISf;. 

'r4'}U|H‘ranH’«>. liiiliirtHT »>f. on limo of 

conirnf, S.’»l ; of Mindanao. !Sn ; of Un* ■ 
IJalanra Inland:'. !». 
d'orjM’iun: and (acaailiai oil,: of Iho 

iniU':', in ; 'roriunu';. and o:’,t.onUal t>ila (if j 
tin' IMunii|>ino!;, .Ylaut;'',vianr; oil, dfi : a,na- i 
lyni-i »}f ylnna; oil, dn ; oonjiiosilitm ; 

(if ,vlanf‘, .vlanri ail, VS; oonal.anli; of liral ■ i 
rj-ado > lanr, ylaiiY; idin, Yd; nonoral trado I 
nunhlion:., df, ; bydroxy! molho«l i 

oi 01-1 intaf ion. /aa'owit inolV, Sd ; nndlnali; ^ 
of di!-l illal ion, ds ; ay nnioai:-; of ylaiiM- ■ 
ylany; od, Sd ; tlio adnltofalion of ylanj.^:- 
ylany, oil. 7 1. 

Ti-a.fi-., Anandoati S(>olo(y aiiooifioal i<nns fur 
oomoni, IdY, IdS, I7c», 171; olinuitic in-, 
fluonoo:: on oomonl, lYd-ITS, ISo; for 
aoundiioa!'.. I dS ; :4»t‘niUt‘ rtra-vily and lt)Ms 
on indiUon in oonioid, 171; Ib>i'tland ■ 
ooinoid, 1 dY ; lalniMO* for coimnd,, 

Hi:i , UnlSod, Stidna Army Mboollimitiunn 
for rammid. I AH, Iflf, Idd, Idi.s, Idd, 171,. ■ 
'[‘n.'da talonm of nojil), {tvi’nifn* baromolnr 
roading dtjrlnr;, dll ; avorano adaiin pros- , 
aiijro maddaimal dnrnn;, dll: doaorljd.ioii 
t»f npparald's and nadlnula om(ddy<*<l, dod 
din; dnialli'd olra-rvaliotn; of, on o.oala ! 
from Anufrivlia, d'id -d'dT ; from Boruno, , 
:idd-ddj : from .lapan,, .TJ,K.-;d*P; from iUo, ' 
dhUSppino iMiandM, diriMUo ; o<|nlva,kml ! 
(‘va|M»r«Hoii of Widrr from and at .Ido’ i\ 
of Idill!id»lm» ouuIm and otiim'a offnrad for 
on tin* Mtudia marUod dldij il«(< gan, ! 

;fi^7 diMi; bind of rndtio nnod In, dn2' ■dod. i 

dll. dd’d-din, dr»d; h>worinK of tin* valun ! 
of, liy mofaluro in i.ho alr*,wlmn luadn in ; 
tin? TroidoH, drnd-ddt, ddd ; imdhodH of; 
HualyHiH fdnployod, do7, doo, .'Ud; imors- j 
oily for uniform nomlHlouH In miiUtUK. ! 
dOd : numl'jor «d', mn* 0 HHary for valuadUm, 
;md ; Iddllpidm" roain and oUiorn offniHul 
fm* aalo on Hm Mmnitif miirkoi, dil-'-dlH. 
'l‘oni, wdk drlnd and nudriod ia'tm’Ut 1aki‘n . 

from iwprr tmgn, Md. 

Ttd.riYhyflro llmmmno, lU. 

Tfdiil arour In tlm Itatajma I.HlamlH, Ik'b , 
ddunldir* dd. _ j 

Tlnj^glaid ,a IdfHlid’dnu pouplM, ,iliT ; bfridut . 
-and marrlagOM of» *!0d fuimrnla of, 2t(M j 
Kt*oKraidslra,l diMtrllmllon nad tni^ratiou i 
iif, I UK; Kovannmml of. mi; tdsyninuo, ; 
droMH, am! miHtoirm f»f, IkU ; rrllKiott <>!'» i 
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tomeufcosa (Adixoa), 2S. 

'rroroaida*. 27(i. 

Triholiiim forruj?imaiin irabr., noles on llm 
abnndanl. jippoa numt* of. in fho Philippim; 
Islands, L’ld), 

trivitlata (Molriona), Z<57. 

'runlidan 27m 

Typlnmns, at Mimlauao, dSl ; ixudltn-i, r,o- 
conuls. and, odd. 

Mniled Stat.os Army .spuciliraiinns for (toimml 
iontinm ir>r. ; liil; KM; 1 dS ; 1 Op ; ;171. 
vastatrix (Pyraujsta) , dA. 

V<‘rmda,. Af.5u.san River, r>0,7 ; oOP, 
virgrlnia (Scirpophaga), dl, 

Vitoflsa splendida KMmltze, 2.7. 

V(de:uii(‘ luff as a nonstrudioii and a wnnent 
matiu’lal. dlM ; (.leinent-, 401; cJirinical 
oxanunntion of. 101 , eubu*. wcdglit of, 
dim ; <'urve from vsdiieb tlie lime roquirod 
to dry a rulxi of any size may bo directly 
r(‘ad, -lOd; curve showiiif:; the rate of 
dryiiiK in the air, -101 ; durability of, 
db7 ; mieroseopb'al (‘xaminatimi of, : 
porosily of, dbS ; Hpeeilic gravity of, 397; 
la.b!(* of erusiiim? strengili of, from several 
quarries lu'ar Manila, db-l ; of loiiBib*. 
.stiHUjgtb, of Majuyjjiy, 395; temsile 
atn’UKth of. being: used in Manila, 3D5 ; 
the rate tit wUieli ihe drying lakes phu'c 
in the air, -KM); of transverse strength, 
dim ; of transverse Hi renglh of Wisconsin 
hiuldhtg sioms, d'.t? ; Kmiperature changes, 
:mK. 

\h),lc!,umes, aUgnnU'iit of, 11. 

VkileanlHiii, (^ffe<;ts of, in ihe Butanes ls~ 
imulH, 22 , 

W'ALKBR, MBUHBUT S., Notc.s on the 
sprouting coco mil, on copra, and on co- 
conut oil, in. 

Water, et}uiva,l«ni evaporniiou from and at 
tom' of Philippine coals and nthors offered 
I'or sale on Bus Manila market, dlG; in 
air, tiui eiT(a;t. on the ocoiiomy of furnaces, 
d.rm-drti, 3r»4; in Hleam produced during 
tests of Philippine and other coals, dfhl- 
dPT. 

J., Description of new (his.sididjc of 
the PhiHpphm Inlands, 259. 

Worcesiorla graitt Bunks, 235. 

Y'Ami Inland (.Batancs), M. 

Vlang-ylang oil, 05. 
kJamboanga., Mindanao, 4 HI. 

55oHtcropidm, 289, 

2(0!8t©rops hohobnais McGregor, 2Hd. 
SipHteropH BlquliPTOPHis Botirus ami Worces- 
ter, 2Ht). 
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A MuNrilS,V IIJJKS'I KATI’D RV.VIVM I>RINTni> IN HNOLISH AND SPANISH AND 
PUBLUSin I) liY THi; BUREAU OP AGRICULTURE PX)R THE 
PHILIPPINE ISLANDS. 

Edited by H. G, NESOM, Director of Agriculture. 

The Vliilipirina Af/rir.ul(,ural Review, a iiOATly establislied piibli- 
(Mliuii of Iho r»ur(uui of AgfrieuliiLrc; ATill take the place of the press 
lailhdinH lirvudoforc issiK'd by that .Biireaii. It will not be a tech- 
nical jnnrnaJ, l)ui I’ather a [)0]>n]aT serial publication on general 
ag'rit'uliiire. primary oliject / of , the Eevmv is to furnish an 

educational meaim of rtuiehmg thei people of the Philippme Islands 
willi iiie work of iJte lhireau,,Qf ,A,gidea^^ . 

Tlx* lirsi fui in her of (tie KHyVf/t J'sr d^^ entirely to the an- 
'•iijai iViUerl of ilm Ihinuii of Agrieidttire for the past fiscal year. 
'^hi^^'^epol‘t is so published forftl;itf;,'pnrpose of giving to persons 
iiiier(‘si(:‘d in Idrllipivine agricuifurb a coTuprehensive idea of the 
u’gariizai iorp Sixrpc, and extmit.pf the.Avork of that Bureau., Siie- 
heding nmnluuAs will contain reports on agricultural conditions in 
. bjerent parts of the l^hilippine Islands, articles on tropical agri- 
cur'- urn/ and otlnrr :rn.ateriiil; of interest to readers of agricxiltural 
iture. ' ' ' ' '' , . , , ' 

'A'd lunuj I, hogi:wniBg. Janiiary., 1908, will be issued inontIi\y,.'and 
wili^' lie tdnuila/ted'/l'it^elol charge 'in Ihe Philippine Islands. A 
limiled uBiiduu; crIlpopicB will he sent free to 'foreign.; workers along 
-rgrieidlitral' of', valuable ';^'bnic3es rendered the 

'Ih/ireau ol A^ricdtlftirA ■ BHould 'ih(n*e. appeatrto be a clemand'for 
rognhu Iok arrangements , will l>e perfected later 
'for 

J'k,wsonsdKceiviitg' fhe Philippine'; Agvicuitural 'Seview' ;are, in- 
vliefl to 'an&railp hAihrial for piiMjcation. ''''My reports, ; articles, 

. or notc^s^ 0 'ir,'ag:iMl.tnral’'BuhJects' will 'receive coBsideration 

unch as'^ ^vill be .published. ■' , ,, , 

Applic?anis for &^:Benew: should: Mate ' or 

the Hpaidsh edition is 'deB5re,d.'";,,A'MreB's.all' 
tive to tins luih'timtion to 'the DiuectoE'Ob Agei- 










